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PREFACE
The Occu p a t i o n a l  Safety and Health Act of 1970 e m p h a s i z e s  
the need for standards to protect the health and provide for the 
safety of w o r k e r s  occ u p a t i o n a l l y  exposed to an e v e r - i n c r e a s i n g  
number of p o t e n t i a l  hazards. The National Institute for 
Oc c u p ational Safety and Health (NIOSH) has implemented a formal 
sys t e m  of research, with p r i o r i t i e s  d e termined on the basis of 
s p e c i f i e d  indices, to provide relevant data from which valid 
criteria for effective standards can be derived. Re c o m m e n d e d  
sta n d a r d s  for occupational exposure, which are the result of this 
work, are b ased on the effects of e x p osure on health. The 
S e cretary of Labor will weigh these reco m m e n d a t i o n s  along with 
o ther c o n s i d e rations, such as feasibility and means of 
implementation, in d e veloping regulatory standards.
Successive reports will be presented as research and 
epideiriologic studies are c o m pleted and as sampling and 
a n a l y t i c a l  m e t h o d s  are developed. Criteria and standards will be 
reviewed periodically to ensure continuing protection of workers.
The c o n t r i b u t i o n s  to this document on p e sticide  
ma n u f a c t u r i n g  and formulating industries by NIOSH staff members, 
the review c o n s u ltants, the reviewer selected by the American 
C o n f e r e n c e  of G o v e r n m e n t a l  Industrial Hygienists (ACGIH), other 
Federal agencies, and by Robert B. O'Connor, M . D . , NICSH 
consu l t a n t  in o c c u pational medicine, are gratefully acknowledged.
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The views expressed and conclusions reached in this 
document, together with the r e c o m m e n d a t i o n s  for a standard, are 
those of NIOSH. They are not necessarily those of the 
consultants, the reviewer selected by the ACGIH, or other 
Federal agencies that e v aluated the document. The comments from 
the review c o n s u l t a n t s  and other r e viewers have been considered 
c a r efully and, together with the criteria document, have been 
sent to the Occ u p a t i o n a l  Safety and Health Adminis t r a t i o n  for 
c o n s i d e r a t i o n  in setting occupational safety and health 
standards. The review consultants. Federal agencies, and 
professional society to which this document was submitted are 
listed on pages vi, vii, and viii.
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I. 'RECOMMENDATIONS FOR A STANDARD FOR PESTICIDE 
M A N U F A C T U R I N G  AND FORMULATING INDUSTRIES
The National Institute for Occu p a t i o n a l  Safety and Health 
(NIOSH) r ecommends that employee exposure to pesticides in 
m a n u f a c t u r i n g  and fo r m u l a t i n g  workplaces be controlled by 
a d h e r e n c e  to the following sections. The r e c o m m e n d e d  s t a n d a r d  is 
d e s igned to protect the health and safety of em p l o y e e s  in 
p e s t i c i d e  m a n u f a c t u r i n g  and formulating facilities over their 
working lifetime. C o m p l i a n c e  with. all sections of the 
r e c o m m e n d a t i o n s  will es t a b l i s h  an increased level of control over 
the workplace e nvironment of pesticide m a n u f a c t u r e r s  and 
formulators and should thus prevent or greatly reduce a d v e r s e 
e f f e c t s  of p e s t i c i d e s  on the health and safety of employees. 
Suffi c i e n t  t e c h n o l o g y  e x i s t s  to permit c o mpliance with the 
r ecomm e n d e d  standard. The criteria and standard will be subject 
to review and revision, as necessary.
E n v i r o n m e n t a l  (workplace air) limits are not included in 
the recommended standard. Such values have been p r o m u l g a t e d  for 
m a n y  pesticides by The Occupational Safety and Health 
A d m i n i s t r a t i o n  (OSHA), and NIOSH has previously recommended such 
li m i t s  i n d i v i d u a l l y  for various pesticides (see Appendices III 
and IV). NIOSH r ecommends c o m p l i a n c e  with promul g a t e d  
e n v i r o n m e n t a l  limits and a d o p t i o n  of new e n v i r o n m e n t a l  limits in 
those cases where the NIOSH recommended envir o n m e n t a l  limits
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differ from those already promulgated. These include the limits 
recommended for substances such as parathion, methyl parathion, 
creosote, e t h ylene dibromide, and dinitro-o-cresol. In this
document, e m p hasis has been placed or, work practices, e n g i n e e r i n g  
controls, and medical s u r v eillance programs to protect workers 
from the adverse effects of pesticide exposure in m a n u f a c t u r i n g  
and formulating operations. A number of factors led NIOSH to
this decision. First, workers in p e sticide manuf a c t u r i n g  and
f ormulating o p e r a t i o n s  are exposed to a large number of different 
che m i c a l s  and substances. Sampling and analytical m e t h o d s  to 
det e r m i n e  airborne exposure levels for each substance would need 
to be highly sophisticated. Second, e x p osure via other routes, 
espe c i a l l y  dermal, has proven to be of c r i t i c a l  importance for 
ma n y  pesticides. The r e l a t i o n s h i p  between dermal e x p o s u r e  
hazards and airborne levels is s c i e n t i f i c a l l y  tenuous, and
a d h e r e n c e  to e n v i r o n m e n t a l  (workplace air) limits does not always 
protect the employee from significant dermal exposure. Third, 
NIOSH believes that immediate action is needed to protect workers 
in pesticide m a n u f a c t u r i n g  and formulating plants. The time 
required to evaluate all t h e  documented toxic effects and to 
e s t a b l i s h  s c i e n t i f i c a l l y  valid e n v i r o n m e n t a l  (workplace air) 
l imits for a p p r o x i m a t e l y  1,500 pesticides would be a ma t t e r  of 
years. Consequently, reliance on e n g i n e e r i n g  controls, work 
practices, medi c a l  examinations, an d  e d u c a t i o n  of e m p l o y e r s  and 
e m p l o y e e s  is seen as the first step in a t t e m p t i n g  to prev e n t  
a d d i t i o n a l  poisoning e p i sodes similar to those involving Kepone 
and leptophos.
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Because of the wide range of adverse health effects that 
can arise from employee exposure in m a n u f a c t u r i n g  and fo r m u l a t i n g  
facilities, it was determined that a single set of work pra c t i c e s  
and ergine e r i n g  c o n trols would not e f f e c tively protect health and 
safety and at the same time avoid placing u nnecessary burdens on 
both employees and employers in such facilities. Therefore, 
various classif i c a t i o n  schemes used by organ i z a t i o n s  in the US 
and in other c o u n t r i e s  were examined for the purp o s e  of grouping 
p e s t i c i d e s  a c cording to toxicity. A con s i d e r a b l e  degree of 
s i m i l a r i t y  was found among such schemes.
Given the similarity that exists among the various schemes 
e x a m i n e d  and the absence of significant differences in s c i e n t i f i c  
merit, the system used by the US Environmental Protection Agency 
(EPA) was selected as the basis for the approach r e c o m m e n d e d  in 
this document.
These criteria for a pe s t i c i d e  s t a ndard apply onl y  to 
oc c u p a t i o n s  in pesticide m a n u f a c t u r i n g  and formulating. This 
includes m a n ufacturing, formulating, packaging, mixing, blending, 
or r epackaging of any pesticide active ingredient. O c c u p a t i o n a l  
e x p o s u r e  is defined as contact with any pesticide or other 
c h e m i c a l  during the ma n u f a c t u r e  and formulation of pesticides. 
" P e s t i c i d e ” is used herein as the generic term m e a n i n g  any 
s ub s t a n c e  or mixt u r e  of substances intended for those uses 
d e s c r i b e d  by d efinition in t h e  Federal E n v i r o n m e n t a l  P e sticide 
Control Act (FEPCA): preventing, destroying, repelling, or
m i t i g a t i n g  any pest and regulating, defoliating, or d e s i c c a t i n g  
any plant (40 CFR 162). All pesticide a c t i v e  i n g r e d i e n t s
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r e g i s t e r e d  with the EPA are covered by this recommended standard. 
Other chemicals to which workers are potentially expo s e d  in 
pe s t i c i d e  m a n u f a c t u r i n g  and formulating o perations (such as 
intermediates, impurities, diluents, emulsifiers, carriers, 
inerts, and propellants) are also covered by the p r ovisions 
co n t a i n e d  herein, as well as by provisions in any s e p arate  
sta n d a r d s  appli c a b l e  for such chemicals, eg, xylene. In the case 
of c o n flicts between this recomm e n d e d  s t a n d a r d  and any e x i s t i n g  
standard, NIOSH r ecommends that th e  more stringent s t a ndard 
apply.
The standard was not designed for the populati o n - a t - l a r g e , 
or for users of p e s t i c i d e s  who are already regulated by other 
a gencies such as the US Department of T r a n s p o r t a t i o n  (DOT), EPA, 
and the Food and Drug Adminis t r a t i o n  (FDA). Application of this 
r e c o m m e n d e d  standard to s i tuations other than the o c c u p a t i o n a l  
settings specified above is not warranted.
Each section of the recomm e n d e d  s t a n d a r d  contains three
sets of requ i r e m e n t s  that pertain to the three groups of
p e s t i c i d e s  listed in Appendix I. Pesticides in Group III are the
»
least toxic and therefore require the least stringent level of 
control. Group II pesticides produce acute effects at lower dose 
lev e l s  than Group III pesticides; controls for Group II i n c l u d e  
all of the Group III controls with some additional, more 
stringent requirements. Pesticides in Group I produce acute 
ef f e c t s  at e x t r e m e l y  low-dose levels or serious irr e v e r s i b l e  
effects; therefore, pesticides in Group I require those c o n t r o l s  
for Groups III and II and addit i o n a l  r e q u i r e m e n t s  where noted.
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Cl a s s i f i c a t i o n  by acute toxicity is based on oral and dermal
LD 5 0 ' s  and inhalational LC50's in mammals, and includes both
systemic and local effects. Cert a i n  p e sticides have been
c l a s s i f i e d  based on i r r e v ersible effects, i n c luding probable and
pot e n t i a l  c a rcinogenicity, and potential teratogenicity, 
m u t a g e n i c i t y , neurotoxicity, and repr o d u c t i v e  effects, as 
d e m o n strated in animal test systems and human epidem i o l o g i c  
studies. I n s e c t i c i d e s  which inhibit c h o l i n e s t e r a s e  (ChE)
activ i t y  are also noted. Numeric d e f i n i t i o n s  of the three 
pe s ticide groups are presented in T a b l e  V I - 1. By necessity, or.ly 
selected portions of the pub l i s h e d  l i terature on chronic adve r s e 
health effects of this extremely large and diverse group of 
ch e m i c a l s  were reviewed and eva l u a t e d  in t h i s  document. As new 
data reg a r d i n g  toxicity and potential hazards are developed and 
evaluated, it is highly probable that p e sticide clas s i f i c a t i o n s  
will change over time.
It should be e m phasized that pesticides are an e x t r e m e l y  
diverse group of substances. There is a potential for a wide
variety of toxic effe c t s  throughout the group. For many
pesticides, the possibility of dermal e x p o s u r e  and s u b s e q u e n t  
a b s o r p t i o n  p r e sents a greater prob l e m  to workers than does 
exposure through inhalation. In addition, many e s t a b l i s h m e n t s  by 
their nature m a n u f a c t u r e  or fo r m u l a t e  a vast number of p esticides 
with varying toxicities; the possible synergisms of these 
c om b i n a t i o n s  of substances are unknown. Consequently, there is a 
need for c o n s t a n t  surveillance and m o n i t o r i n g  and thorough 
r e c o r d k e e p i n g  to make sure that employees are following proper
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p r ocedures so that their health is not compromised.
Section 1 - Medical
GROUPS III, II, AND I
(a) Preplacement or initial medical e x a m i nations shall 
be made available as d e s cribed below for all employees subj e c t  to 
ex p osure to pesticides:
(1) C o m p r e h e n s i v e  medical and work histories with 
em p hasis directed toward t h e  hepatic, renal, and central nervous 
systems and toward e v i d e n c e  of glaucoma, cardiova s c u l a r ,  or 
respiratory disease. The use of drugs or any illnesses res u l t i n g  
from past e x posures to pesticides should a l s o  be noted.
(2) C o m p r e h e n s i v e  physical e x a m i n a t i o n  giving 
particular attention to th e  eyes, liver, kidneys, lungs, and the 
central and peripheral nervous systems.
(3) After a review of the type and amo u n t  of 
exposure, clinical tests such as pulmonary function, chest X-ray, 
liver enzyme determinations, and urinalysis may be carried out at 
the discretion of the responsible physician.
(4) A judgment of the worker's ability to use 
n e g a t i v e  and positive p r e ssure respirators.
(5) Red blood cell (RBC) ChE activity shall be 
m e a s u r e d  for d e t e r m i n a t i o n  of a p reexposure baseline if the 
e m p l o y e e  will p otentially be exposed, or for deter m i n a t i o n  of a 
working baseline if the e m p loyee has p r eviously been and will 
c o n t i n u e  to be exposed to those pesticides indicated as ChE 
i n h i b i t o r s  in Appendix I.
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’'Preexposure b a seline" for RBC ChE is defined as the mean 
of two ChE a c t i v i t y  determinations, each of which is derived from 
a separate sample of b l o o d  taken at least 1 day apart after a 
period of at least 60 days without known exposure to any 
ChE - i n h i b i t i n g  compounds. If the de t e r m i n a t i o n s  produce values 
differing by m o r e  than 15%, a d d i t i o n a l  determi n a t i o n s  on new 
samples must be performed until successive tests do not differ by 
m o r e  than 15%.
"Working baseline" for ChE is defined as the mean of two 
ChE activity dete r m i n a t i o n s ,  each of which is derived from a 
separate sample of blood t a k e n  at least 1 day apart and differing 
by no more than 15%, or the a r i t h m e t i c  mean of normal values for 
an appropriate control p o p u l a t i o n  of adults for that laboratory, 
whichever is higher. A "working baseline" is determined only for 
an individual whose work history does not permit a p r e e x p o s u r e  
ba s eline to be deter m i n e d  as s p ecified in this section.
"Mean of normal values" is defined as the arithmetic mean 
of ChE a c t i v i t i e s  for healthy adults as determined by the 
labo r a t o r y ' s  experience with repeated analyses, but which is not 
in c o n sistent with the mea n  baseline activ i t i e s  p r esented in 
Appendix II. Working, or preexposure, b a s e l i n e  RBC ChE 
ac t i v i t i e s  shall be determined within 60 days of p r o m u lgation of 
a s t a n d a r d  based on this recommendation.
(b) Periodic e x a m i n a t i o n s  shall be made available on at 
least an annual basis and shall include at least:
(1) I n t e r i m  medi c a l  and work histories.
(2) P h y s i c a l  e x a m i n a t i o n  as outlined in (a) (2)
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and (3), above.
(c) Periodic measurement of RBC ChE activity shall be 
m a d e  available for workers exposed to organo p h o s p h o r u s  (CP) 
ins e c t i c i d e s  as follows:
(1) Subse q u e n t  to the d e t e r m i n a t i o n  of a
p r e e x p o s u r e  or working baseline, each e m p l o y e e  occupationally 
expo s e d  to OP insecticides, indicated in Appendix I as being ChE 
inhibitors, shall have his ChE activ i t y  determined at 1-week 
intervals. These intervals may be initially redu c e d  to testing 
as frequently as e very day, or may ba increased after three 
we e k l y  d e t erminations to testing as f r equently as every 8 weeks, 
b a s e d  on the decision of the r e s p o nsible physician after 
c o n s i d e r a t i o n  of the following for each employee:
(A) The toxicity of the pesticides to 
which the e m p loyee may be exposed.
(B) The potential duration and
c o n c e n t r a t i o n  of the p e sticide exposure.
(C) The state of health of the employee.
(D) The results of previous ChE
determinations.
(2) U n a c c e p t a b l e  exposure to OP insecticides 
i n d i c a t e d  in Appendix I as ChE inhibitors is d e m o n strated when 
the activity of RBC ChE is decreased to below 70% of baseline. 
Th e  employee s hall be advised of such a finding, and an 
i n d u s t r i a l  hygiene survey shall be conducted in the workplace of 
the affected e m p loyee unless the cause of the exposure is known 
and corrective action h a s  been initiated. This survey shall
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incl u d e  an asse s s m e n t  of the dermal exposure potential. Based on 
the results of this survey, n e c essary corrective action shall be 
a c c o m p l i s h e d .
In addition, an e m p l o y e e  whose RBC ChE activity is 
d e c r e a s e d  to below 60% of the e m ployee's b a s e l i n e  level shall be 
r e m o v e d  from potential e x p o s u r e  and placed under m e d i c a l  
observation.
(3) An employee who has been removed frorr 
p e s t i c i d e  e x p o s u r e  shall not be allowed to return to work 
i n v o l v i n g  o c c u p a t i o n a l  p e s ticide exposure until his RBC ChE 
activity has returned to at least 75% of the working or 
p r e e x p o s u r e  baseline values or unless the r esponsible p h y s i c i a n  
has approved his return.
(4) Each emplo y e e  shall be given a copy of the 
resu l t s  of his initial and periodic tests, and of any s p e c i a l  ChE 
test results as soon as possible after the test, and afi 
i n t e r p r e t a t i o n  thereof.
(5) P r o c e d u r e s  for c o l l e c t i o n  and a n a l y s i s  of 
blood samples for ChE activity d e t e r m i n a t i o n s  shall be as 
p rovided in A p p endix II or by any method shown to be at least 
equiv a l e n t  in accuracy, precision, and sensitivity to that 
specified.
(d) E m e r g e n c y  first-aid services shall be e s t a b lished, 
under the d i rection of the re s p o n s i b l e  physician, to provide care 
to any worker acutely in t o x i c a t e d  by pesticides.
(e) A p p r o p r i a t e  m e d i c a l  services a n d  s u r v e illance shall 
be provided to any worker with adverse health effects r e a s o n a b l y
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assumed or shown to be due to occupational exposure to 
pes ticides.
(f) During examinations, appli c a n t s  or employees found
to have m e d i c a l  c onditions such as skin disease, chronic lung 
disease, glaucoma, or abnormalities of the cent r a l  or p e r i p h e r a l 
nerv o u s  systems that could be directly or i ndirectly a ggravated 
by exposure to p esticides shall be counseled as to the p o s sible 
increased risk of impairment of their health from working with 
the substances. Employees should be further counseled about 
r e p r o d u c t i v e  effects that have been noted in male workers and in 
l a boratory animals involving certain pesticides. The
s i g n i f i c a n c e  to humans of the effects in l aboratory a n i m a l s  are 
not fully known, but they do indicate that exposure should be 
minimized, particularly in women of c h i l d - b e a r i n g  age. In 
a d dition, r e s idues of some or g a n o c h l o r i n e  (OC) and c a rbamate 
p e s t i c i d e s  have been found in human breast milk. Ther e f o r e , 
women who may bear or nurse children sh o u l d  avoid any contact 
with these materials.
(g) A complete e x a m i n a t i o n  i n c l u d i n g  all aspects of 
p a r agraph (a) shall be offe r e d  to all employees within 1 month 
after employment ends.
(h) The e m p l o y e r  shall provide the cons u l t i n g  phy s i c i a n  
for each pesticide operation with information on the following 
i terns:
(1) Plant layout and operations.
(2) Hazardous substances used by workers.
(3) Physical, chemical, and t o x i c o l o g i c
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p r o p e r t i e s  of hazardous substances used by workers.
(4) Symptoms of int o x i c a t i o n  by h a z a r d o u s
substances.
(5) T r eatment for accid e n t a l  exposures to
h a zardous substances.
S ect i c n  2 - Labeling and Posting 
GROUP III
(a) All c o n t a i n e r s  of pesticides to be used within 
pes t i c i d e  m a n u f a c t u r i n g  or formulating f a cilities shall te
l a b e l e d .
(1) Labels shall include the following
informât ion :
(A) Contents, by c h e m i c a l  and coiriron
n a m e s .
(B) Fire hazard.
(C) Toxicity hazard.
(D) Storage and handling precautions.
(E) First aid for inhalation, ingestion, 
and contact with skin or eyes.
(2) The inform a t i o n  shall be arranged as in the 




MAY BE FATAL IF INHALED, ABSORBED THROUGH SKIN,
OR INGESTED. EXPLOSION MAY RESULT FROM HEAT OR SHOCK.
Store in cool place.
Protect from sunlight.
Avoid contact with skin and eyes.
Use only with adequate ventilation.
First A i d : In case of eye or skin c o n t a c t  wash immediately.
If clothes become contaminated, remove at once, wash body
with soap and water, and call physician without delay.
Feçticide X is a ChE inhibitor.
(b) All ent r a n c e s  to areas where pesti c i d e s  are 
m a n u factured, formulated, repackaged, stored, or o t h erwise 
handled shall be posted with signs specifying:
(1) Special clothing and personal p r otective 
e q u i p m e n t  n e c e s s a r y  for entry.
(c) All e m e r g e n c y - u s e  personal prote c t i v e  clothing and 
e q u i p m e n t  shall be clearly labeled as to li m i t a t i o n s  in its use.
(d) All warn i n g  signs shall be printed both in English 
^nd in the p redominant l a n g u a g e  of n o n - E n g l i s h - r e a d i n g  workers. 
Work e r s  unable to read labels and signs provided shall receive 
in f o r m a t i o n  r e gardinq hazardous areas and shall be i n f o r m e d  of 
the instructions printed on labels and signs.
GROUP II
Group III Labeling and Posting requirements apply, with the 
fol l o w i n q  additions:
(b) (2) H a z ardous m a t e r i a l s  which may be encountered.
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(b) (3) Res t r i c t i o n s  on personnel who may enter and on 
a c t i v i t i e s  (such as eating) which may be p e rformed therein.
(e) All p e s t i c i d e - p r o c e s s i n g  equipment and pipes shall 
be properly i d entified by such means as labeling or color coding 
to indicate that pesti c i d e s  are contained therein.
(f) All n o n d i s p o s a b l e  routinely used personal prot e c t i v e  
equipirent shall be labeled as to assignee.
(g) All working areas, lavatories, toilet rooms, sh o w e r  
rooms, locker rooms, eating areas, and smoking areas shall be 
p o s t e d  to remind employees of a p p l i c a b l e  parts of Section 6.
GROUP I
Group II Label i n g  and Posting r e q u i r e m e n t s  apply with the 
f o l l o w i n g  a d d itions and changes:
(a) (1) (C) Toxic i t y  hazard, including an indication of any 
probable or suspect carcinogenic, mutagenic, teratogenic, 
neurotoxic, or rep r o d u c t i v e  health effect.
(b) (4) A w a r n i n g  that the area is restricted.
(e) All p e s t i c i d e - p r o c e s s i n g  e q uipment shall be labeled 
by color code or o t h e r  m e a n s  to identify haz a r d o u s  c o n t e n t s  and 
any extremes in temper a t u r e  or pressure.
Sect i o n  3 - P e r s o n a l  Protective Clothing and Equipment
(a) Work Clothinq
GROUP III
Employers shall provide a means for storing c o n t a m i n a t e d  
work clothing in a location separate from street c l o t h i n g  to 
prevent c o n t a m i n a t i o n  of street clothing.
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GROUPS II AND I
(1) All emp l o y e e s  working in potential e x p o s u r e  
areas shall be required to wear the f o llowing set of work 
clothing:
(A) Washable socks and underwear.
(B) Hashable or d i s p o s a b l e  c o v eralls or
p a n t s  and long-sleeved shirts, aprons, or other special 
o u t e r w e a r .
(C) Washable work footwear or disp o s a b l e
f o o twear covers.
(D) W a s hable cap, if a hard hat is rot
reguired.
(2) Employees shall be reguired to wear a clean 
set of work clothing each day. A complete second set of clean 
work clothing shall be provided and used to replace any that 
becomes obviously c o n t a m i n a t e d  during the w o r k s h i f t .
(3) Employers shall provide a means for storing 
c o n t a m i n a t e d  work c l o t h i n g  from the time it is removed by 
e m p l o y e e s  until its disposal or laundering. Such means shall:
(A) Clearly identify the nature of
contamination.
(B) Prevent the c o n t a m i n a t i o n  from being
disseminated.
(4) Employers shall also provide a means for the 
d i s posal or l aundering of all con t a m i n a t e d  garments. All persons 
e n g a g e d  in laundering such garments shall be instructed as to the 
p e sticide hazard. For garments worn while handling c a r b a m a t e s  or
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OP's, laun d e r i n g  shall include p r esoaking in an alkaline s o l u t i o n  
(preferably of pH 10 or g r e a t e r ) , washing, and s u b s e q u e n t 
rinsing. G a r ments laundered by other than the employer shall te 
reused only by the employer.
(b) Personal P rotective Equipment 
GROUP III
(1) Employees who may be exposed to pesticides in 
a dust or powdered form shall wear, i n  addition to their set of 
work clothing:
(A) Washable gloves.
(2) E m p loyees who may be expo s e d  to pesticides in 
a liquid or in a wet or hygroscopic solid form shall wear, in 
addition to their set of work clothing, the following:
(A) Chemical goggles, and where c h e m i c a l
burns are a hazard, a face shield.
(B) Gloves made of m i n i m a l l y  permeafcle
mat erial.
(C) Footwear or footwear covers made of
m i n i m a l l y  p e r m e a b l e  material.
(D) An apron or similar body covering made
of minimally per m e a b l e  m a t e r i a l  to prevent c o n t a m i n a t i o n  of 
c l o t h i n g .
(E) A type of hat whose c o n f i g u r a t i o n
prevents spilled liguids f rom dripping on the neck or into the 
face of the wearer.
(3) All personal p rotective equipment shall be
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i n s pected at least quarterly by the e m p l o y e r  to check for
contamination, deterioration, or loss of function and shall be
r e p l a c e d  if necessary.
GROUP II
Group III requirements for Personal P rotective Equipment
apply with the following a d d itions and change:
(3) I n s p e c t i o n  frequency shall be at least
m o n t h l y .
(4) Personal p r otective equipment shall be
clea n e d  or replaced each time it is used. Extra issues of clean 
p r o t e c t i v e  e q u i p m e n t  shall be provided and used to replace any 
which becomes o b v iously c o n t a minated during the workshift.
(5) E m p loyers shall make ap p r o p r i a t e  p r ovisions
for the washing of personal p r o t e c t i v e  equipment, including:
(A) Sink with running water.
(B) D e c o n t a mination s o l u t i o n  to remove or 
n e u t r a l i z e  pesticides.
(C) Disinfectant or sani t i z i n g  rinse.
(D) Drying rack or d i s p o s a b l e  towels.
GROUP I
Group II requirements for Personal P r otective Equipment 
a pply with the following chanqes:
(3) I n spection frequency s hall be at least
weekly.
(5) Employers shall be responsible for 
d e c o n t a mination, sterilization, and m a i n t e n a n c e  of prot e c t i v e  
e qui pmen t .
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(c) Respiratory P r o t e c t i o n 
GROUPS III AND II
(1) P r otection of e m p l o y e e s  from exposure to 
airbo r n e  pesticides may not be achieved by the use of respir a t o r s  
e xcept :
(A) During the development, installation,
testing, maintenance, or repair of reguired engineering controls.
(B) For condu c t i n g  o perations such as 
maintenance, repair, or cleanup of spills.
(C) During emergencies.
(2) Employers shall use the survey data r e q uired  
in Section 8 ( a ) (1) to determine which locations and emp l o y e e s  
shall be provided with e m e r g e n c y - u s e  respirators.
(3) Pespir a t o r s  shall be t hose approved by NICSH 
and the Mine Safety and Health A d m i n i s t r a t i o n  (MSHA) as spe c i f i e d  
under 30 CFR 11.
(4) Em p l o y e r s  shall prepare written procedures 
for use of respirators. The procedures for each type of 
re s p i r a t o r  shall include, but not be limited to, the following:
(A) By whom and where the respirator is to
be worn.
(B) Limits as to materials and
c o n c e n t r a t i o n s  against which the respirator affords protection.
(C) Manner in which the respirator is to 
be put on, worn, and taken off.
(D) Frequency of servicing, disinfecting.
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cleaning, inspecting, and r e p lacing parts of the respirator.
(E) Manner and location of r e spirator
storage.
(5) Employers shall m a i n t a i n  a written log for 
all n o n d i s p o s a b l e  r espirators which includes:
(A) Date of purchase; shel f - l i f e
information.
(B) Dates of issue, wearing and servicing,
and suitable i d e n t i f i c a t i o n  of persons r e s p o n s i b l e  for these 
act ions.
(C) Dates and c o n d i t i o n s  of tests and
inspections.
(6) E m p loyers shall s u p e r v i s e  the re s p i r a t o r y  
protective program a c c o r d i n g  to the fo l l o w i n g  schedule:
(A) Observe at least mont h l y  each e m p l o y e e  
wearing a n o n - e m e r g e n c y - u s e  r e s p i r a t o r  w hile he is perfornrir.g 
work tasks.
(B) Inspect each n o n - e m e r g e n c y - u s e
r e s p i r a t o r  at least monthly.
(C) Inspect a n d  test each emerge n c y - u s e  
re s p i r a t o r  at least mont h l y  and after each use.
(D) Conduct a p r a c t i c e  drill at least
qu a r t e r l y  with each employee who would wear e m e r g e n c y - u s e
r e s p i r a t o r s .
GROUP I
Group II r e q u i r e m e n t s  for Respiratory Protection apply with 
the following add i t i o n s  and changes:
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(6) (A) and (6) (B) Inspe c t i o n  f requencies shall be at
least weekly.
(7) Except for e m e r g e n c y - e s c a p e - u s e  respirators, 
all r espirators shall be a full-face, a i r - s upplied or 
s e l f - c o n t a i n e d  type, unless respirators of other types are 
c e r t i f i e d  under 30 CFR 11.
(8) Quan t i t a t i v e  fit tests shall be a d m i n i s t e r e d  
to all e m p l o y e e s  who may be required to wear respirators.
Section 4 - Informing Emp l o y e e s  of Hazards from Pesticides 
GROUPS III AND II
(a) Before e m p l o y e e s  are exposed to any pesticide, 
p e s t i c i d e  formulation, inert, or raw material, they shall be 
fully apprised of the followinq:
(1) I d e n t i f i c a t i o n  by name, c h a r a c t e r i s t i c s  
(smell, appearance, etc), and p h y s i c a l  properties.
(2) Hazards of toxicity.
(3) Siqns and s y m ptoms of overexposure.
(4) Fire a n d  exp l o s i o n  hazards.
(5) P r e c a utions for safe handling.
(6) Emergency first-aid treatment for
overexposure.
(7) Plant layout and emergency escape routes.
(b) E m p l o y e e s  shall be trained in the use, limits of 
use, storage, and maintenance of all personal protective c l o thing 
and equipment which they may use.
(c) E m p l o y e e s  shall be trained to r e c o g n i z e  and c o n t r o l
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the hazards arising from m a terials handling, housekeeping, waste 
disposal, and maintenance.
(d) Emp l o y e e s  shall be trained in all e m e rgency
procedures.
(e) E m p l o y e e s  shall be trained in the reasons for, and
the practice of, p e r sonal hygiene.
(f) All training shall be conducted on a preassignment
basis. Retraining shall be conducted semi a n n u a l l y  or whenever 
nece s s i t a t e d  by chan g e s  in equipment, processes, materials, or 
employee work assignments.
(g) A Material Safety Data Sheet, shown in Appendix V, 
or a similar form a p p roved by O S H A  shall be prepared for each 
pe s t i c i d e  or other chemical used or stored in the plant. A copy 
of each sheet shall be pos t e d  in a conspi c u o u s  place a c c e s s i b l e  
to all employees.
GROUP I
Group II requirements for Inf o r m i n g  E m p l o y e e s  of Haza r d s  
fro m  Pesticides apply, with the following change and addition:
(a) (8) A t h o rough ex p l a n a t i o n  of all probable or suspect 
ca r c inogenic, neurotoxic, teratogenic, or reproductive health 
effe c t s  a t t r ibutable to the p e s t i c i d e s  to which workers may be 
e x p o s e d .
(h) A Material Safety Data Sheet shall be posted at all 
e n t r a n c e s  for each G r o u p  I pesticide found in that area.
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Sect i o n  5 - Work Practices
(a) M a terials Handling
GROUP III
(1) General. No employee shall be permitted to 
routinely handle any p e s ticide with bare skin. Pesticides shall 
be handled in such a iranner as to minimize their dissemination.
(2) Containers. All pesticides shall be handled  
in c onformance with the labels on the conta i n e r s  as r e q uired in 
S e c t i o n  2(a) (4). Any e m p l o y e e  e n g a g e d  in moving, filling, or 
em p t y i n g  c o n t a i n e r s  of pesticides shall wear the p r o t e c t i v e  
cl o thing and e q u i p m e n t  as s p e cified in Section 3. Emptied 
c o n t a i n e r s  of p e sticides s h a l l  be assumed to c o n t a i n  a residue of 
the material until decontaminated.
(3) Storaqe. Pesticides shall be st o r e d  in
c o n t a i n e r s  co n s t r u c t e d  and a r r anged so as to m i n imize leakage. 
Pes t i c i d e  s t o r a g e  areas shall be so designated and separated froir 
o t h e r  plant areas. Such a r e a s  and conta i n e r s  therein shall be
in s p e c t e d  at least qua r t e r l y  to ensure that t heir integrity is 
not compromised. No person shall be p e r m i t t e d  to eat, drink, 
smoke, or sleep in pesticide storage areas. Storage areas shall 
not be directly connected to adjacent work areas by heating 
ducts, ventilation ducts, doors, or windows.
GROUP II
Group III r e q u i r e m e n t s  for Materials Handling apply with 
the following change:




Group II req u i r e m e n t s  for Materials Handling apply with the 
f o llowing c h a n g e s  and addition:
(1) No employee shall be per m i t t e d  to handle any
p e s t i c i d e  with bare skin.
(3) I n s p e c t i o n  frequency shall be at least
weekly.
(4) Stor a g e  areas shall be of sound c o n s t r u c t i o n
w i t h  restr i c t e d  access.
(b) H o u s e keeping 
G ROUPS III AND II
(1) Areas where p e sticides are m a n u factured, 
formulated, repackaged, stored, or o t h e r w i s e  handled s h a l l  be 
i n s p e c t e d  at least daily for pesticide residues. Any eq u i p m e n t  
with pesticide leaks or residues shall be inspected for any 
i n d i c ations of m alfunction or s t ructural damage, and such faults 
shall be promptly corrected.
(2) A pesticide that is spilled, leaked, or 
ot h e r w i s e  released shall be cleaned up or c o n t a i n e d  immediately. 
Fallout, condensates, and all other a c c u m u l a t i o n s  from a i r b o r n e  
p e s t i c i d e  e m i s s i o n s  shall be cleaned from e m p l o y e e  work s u r f a c e s  
(such as handrails and workbenches) at least daily, and from all 
workroom surfaces (including walls, ceilings, and floors) at 
least monthly.
(3) P esticides and p e s t i c i d e - c o n t a m i n a t e d  
resid u e s  shall be flushed to a collecting sump, vacuumed.
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absorbed by cleaning materials, or c o l l e c t e d  by other
n o n d i s p e r s i v e  means.
GROUP I
Group II regu i r e m e n t s  for Hous e k e e p i n g  apply with the 
following change:
(2) W o r k r o o m  surfaces shall be cleaned at least
weekly.
(c) Waste Disposal
GROUPS III AND II
(1) No disposal method shall be used which
co n t r avenes local, state, or Federal regulations.
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(2) P e s t i c i d e - c o n t a m i n a t e d  solids and liguids 
shall be deconta m i n a t e d  before disposal unless other a p p r o v e d  
disposal methods are used.
(3) P e s t i c i d e - c o n t a m i n a t e d  waste gases shall be 
trea t e d  before rele a s e  to the outside atmos p h e r e  to prevent 
return of p e s t i c i d e s  into work atmospheres.
(4) Pesticide c o ntainers shall retain their 
warning labels until such time as they are decontaminated.
(5) Pes t i c i d e  catch basins, drip pans, and other
open c o l l e c t o r s  shall be checked reg u l a r l y  and emptied when
nec e s s a r y  to prevent their acting as a s e condary source of
p e s t i c i d e  exposure.
GROUP I
Groups III and II reguirements for Waste Disposal apply 
with the following change:
23
Delete (5). (Open conta i n e r s  should not be used to collect 
pes t i c i d e  leakage. See Section 7, Part G.)
(d) Mainte n a n c e  
GEOUP III
(1) Employers shall institute a program of 
p r e v e n t i v e  m a i n t e n a n c e  w hich includes:
(A) Inspections, c o nducted at least
guarterly, of all p e s t i c i d e - p r o c e s s i n g  e g uipment whose failure 
would subject employees to p e sticide exposure. L u b r i cation, 
repair, or r e p l a c e m e n t  of the eguipment shall be p e rformed 
whenever indicated by such inspections.
(B) Inspections, c o n ducted at least
guarterly, of v e n t i l a t i o n  systems and p e sticide c o l l e c t i o n  
systerrs to ensure their maximum effectiveness.
(2) No pest i c i d e - p r o c e s s i n g  eguipment shall te 
d i s a ssembled, opened, or ot h e r w i s e  m o d ified or repaired in a 
m a n n e r  which could expose any e m p l o y e e  to the contents until the 
following p r e c a utions have been taken:
(A) The e g uipment shall be d i s c o nnected
from sources of m e c h a n i c a l  and/or e lectrical power and fro m  flow 
of materials. Such cutoff shall be secured and posted.
(B) Any part of the equ i p m e n t  c o n t a m i n a t e d  
by pesticides shall be decontaminated, flushed, or purged prior 
to m o d i f ication or repair.
(C) Employees performing modifications,  
repair, or m a i n t e n a n c e  shall wear ap p r o p r i a t e  personal prote c t i v e
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clothing and eguipirent.
(3) All newly installed, repaired, replaced, or 
re a s s e m b l e d  p e s t i c i d e - h a n d l i n g  equipment shall be tested for 
leaks and m e c h a n i c a l  function before being r e t urned to g e n e r a l  
u s e .
(4) No employee shall be allowed to e nter a 
vessel or confined s p a c e  without first o b t a i n i n g  a permit signed 
by the supervisor.
(5) The supervisor shall not sign an entry peririt 
until the f o llowing hav e  been completed:
(A) The flow of m a t e r i a l  to the space has 
been cut off, the cut-off valve secured by the lock of each 
worker to e n t e r  the c o n f i n e d  space, and the area posted.
(B) The area has been thoroughly flushed, 
ventilated, and tested for the conce n t r a t i o n  of oxygen.
(6) The employee e n t ering the space shall use 
ap p r o p r i a t e  personal p rotective equipment and shall also wear a 
lifeline.
(7) During the time period that an employee is 
w o r k i n g  within a c o n f i n e d  space, visual and voice contact shall 
be maint a i n e d  with a second person outs i d e  the space. That 
second person shall also be equipped with a lifeline and 
a p p r o p r i a t e  personal protective eguipment and shall be in contact 
with a third person.
GROUP II
Group III r e g u i r e m e n t s  for M aintenance apply, with the 
fol l o w i n g  addition and changes:
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(1) (A) and (1) (B) Inspection f requencies shall be at 
least monthly.
(1) (C) Keeping written records of maintenance, 
repair, and r eplacement histories of process e q u ipment as long as 
the eguipment is on the plant site. The records shall be used to 
determine a schedule of s e rvicing and component replacement that 
is freguent enough to avoid eguipment failures.
GPCUP I
Group II requ i r e m e n t s  for M a i n t e n a n c e  apply with the 
f o llowing chan g e s  and addition:
(1) (A) and (1) (B) Inspection f r e quency shall be at
least weekly.
(2) (D) Local lubrication and other minor 
m a i n t e n a n c e  p r ocedures p e rformed on closed systems shall be 
c a r r i e d  out only when a p p r o priate employee prot e c t i o n  is 
p r o v i d e d .
(e) Emergency Procedures
GROUPS III AND II
(1) First Aid. Emergency f i r s t - a i d  s e r vices 
shall be es t a b l i s h e d  to provide care to any worker m a n i f e s t i n g  
effects of pesticide exposure. Whenever possible, first-aid 
servi c e s  shall be delivered by persons t r a i n e d  in e m e r g e n c y 
medi c a l  services. Records of such services shall b e  included in 
the e m ployee's m e d i c a l  history and other plant medical records. 
T hese services shall include but not be limited to:
(A) Deluge showers and eyewash fountains
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wit h i n  close pro x i m i t y  to all l o c a t i o n s  where e x p o s u r e  to 
p e s t i c i d e s  may o c c u r  i n cluding, but not limited to, p a c k a g i n g ,  
u n p a c k a g i n g ,  m a i n t e n a n c e ,  l o a d i n g  and u n l o a d i n g  areas, and 
s a m p l i n g  ports. T h e s e  f a c i l i t i e s  s hall be c h e c k e d  p e r i o d i c a l l y  
to trake certain they are o p e r a t i n g  properly and h a v e  not teen 
c o n t a m i n a t e d .  All runoff from use of show e r s  and e y e w a s h  
f o u n t a i n s  s h a l l  drain to a sump for d e c o n t a m i n a t i o n .  P a t h w a y s  
l e a d i n g  to s h o w e r s  and e y e w a s h  f o u n t a i n s  s hall be kept free of 
all obstacles.
(B) P r o v i s i o n s  for e m e r g e n c y
t r a n s p o r t a t i o n  to health car e  facilities.
(C) O x y g e n  and r e s u s c i t a t i o n  e quipment.
(2) P r o v i s i o n s  for m e d i c a l  t r e a t m e n t  of
o v e r e x p o s u r e  to p e s t i c i d e s  shall be made, i n c l u d i n g  a p p r o p r i a t e  
a r r a n g e m e n t s  with a l ocal p h y s i c i a n ,  clinic, or hospital.
(3) L e a k s  and spills
(A) M a t e r i a l s  for a b s o r p t i o n  or h o s e s  with
r u n n i n g  water s h a l l  be a v a i l a b l e  so that s p i l l e d  or leaked 
p e s t i c i d e s  may be remo v e d  from work areas for d e c o n t a m i n a t i o n ,  
d i s p o s a l ,  or reuse.
(B) E m e r g e n c y - e s c a p e  p e r s o n a l  p r o t e c t i v e
e q u i p m e n t  shall be readily a v a i l a b l e  to e m p l o y e e s  w o r k i n g  in 
a r e a s  where l e a k s  or spills m a y  occur.
(C) E m p l o y e r s  shall prov i d e  for the
warn i n g  and e v a c u a t i o n  of e m p l o y e e s  in the case of l e a k i n g  
g a s e o u s  pesticides.
(4) F i r e  and E x p l o s i o n
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(A) A system for i n forming employees and 
n o t i f y i n g  fire-fighting personnel in cas e  of fire shall be 
installed.
(B) Personal protective equipment ar.d 
f i r s t - a i d  supplies shall be available in the plant for dealing 
with exposure to the m a t e r i a l s  formed by c o m b u s t i o n  and pyrolysis 
of pesticides.
(C) Fire- f i g h t i n g  p e r s o n n e l  shall be 
provided with a map and data reflecting all i n f o r mation o b t a i n e d  
by the employer in Section 8 (a)- Monitoring.
(C) Drills shall be c o n ducted to 
th o r o u g h l y  f a m i l i a r i z e  em p l o y e e s  with escape, rescue, 
fire-fighting, and power- and m a t e r i a l s - s h u t o f f  procedures in 
case cf fire.
(5) All procedures in Section 5(e) - Emergency
P r ocedures shall be inco r p o r a t e d  in a w r i t t e n  emergency action 
plan.
GROUP I
Group II r e q u i r e m e n t s  for Emergency P r o c e d u r e s  apply with 
the following changes:
(3) (B) E m e r g e ncy-escape personal protective 
eguipirent shall be carried by e m p l o y e e s  or shall be i m m e d i a t e l y  
at hand for emp l o y e e s  work i n g  in areas where leaks or spills iray
occur. E m ergency rescue e q u i p m e n t  shall be a v a ilable just
o u t s i d e  such areas.
(3) (C) Employers shall provide a warning
systeir for i n f o r m i n g  employees of leaking p e s ticide gases or
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vapors. Such a sy s t e m  may incl u d e  c o ntinuous monitors con n e c t e d  
to audible alarms, p r e s s u r e - l o s s  sensors coupled with visual 
indicators, etc. The s y s t e m  must be capa b l e  of warning all 
p o t e n t i a l l y  exposed emp l o y e e s  before a hazardous conce n t r a t i o n  is 
reached. W a r n i n g  syst e m s  shall be tested at least monthly.
S e c t i o n  6 - Sanit a t i o n  and Personal Hygiene
GROUP III
(a) Eating and food preparation or dispensing (including
vend i n g  machines) shall be prohibited where there is o c c u p a t i o n a l  
expos u r e  to pesticides.
{b ) Smoking shall be prohibited in areas where
p e s t i c i d e s  are present.
(c) E m p l o y e e s  who handle p e sticides or eguipirent
c o n t a m i n a t e d  with p e s t i c i d e s  shall be instr u c t e d  to wash their 
face, hands, and f o r e a r m s  with soap or mild d e tergent and water 
before eating, drinking, smoking, or using toilet facilities.
(d) To prevent skin absorption of pesticides, e m p l o y e r s
shall instruct em p l o y e e s  n o t  to use solvents to clean their hands 
or other exposed areas of the body.
(e) The employer shall provide c lean change rooms 
eg u i p p e d  with storage f a cilities for street c l o t h e s  and s e p a r a t e  
storage facilities for p r otective clothing and equipment w h e n e v e r  
em p l o y e e s  are required to wear protective c l o thing and e q u ipment 
in acco r d a n c e  with Section 3.
GROUPS II and I
Group III R e g u i r e m e n t s  for Sanitation and Personal Hygi e n e
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apply, with the following change and additions:
(e) E m ployees oc c u p a t i o n a l l y  exposed to pesticides shall 
not wear work clothing away fro m  their place of employment.
(f) Facilities for shower baths shall be provided for
e m p l o y e e s  occupat i o n a l l y  exposed to pesticides. Workers should 
sho w e r  before c h a n g i n g  into street clothes.
(g) E m p loyers shall instruct e m p l o y e e s  exposed to
p e s t i c i d e s  to wear clean work clothing daily, and c l e a n i n g  
e s t a b l i s h m e n t s  shall be informed as to the hazards of h a n dling  
p e s t i c i d e s  and proper disposal procedures for
p e s t i c i d e - c o n t a m i n a t e d  w a s t e w a t e r .
(h) A separate walled change area for removal and
storage or disposal of c o n t a m i n a t e d  clothing with exit to shower 
s hall be provided.
(i) Showers with potable warm running water shall be 
provided. The exit from showers shall open into a clean ch a n g e  
area free from pesticide contamination.
S e c t i o n  7 - E ngineering C o n trols
GPOUPS III AND II
Employee expos u r e  to pesticides, intermediates, and 
solvents shall be m i nimized through the use of e n g i n e e r i n g  
c o n t r o l s  and work practices.
(a) En g i n e e r i n g  c o n trols shall be used to seal or
isolate process equipment in order to minimize the es c a p e  of 
p e s t i c i d e s  into the workplace. I n  the case of isolation, 
ap p r o p r i a t e  v entilation shall be used to prev e n t  the acc u m u l a t i o n
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(b) Local exhaust ve n t i l a t i o n  shall be used to control 
airborne process emissions which are not amenable to c o n t r o l  by 
sealing or isolation. These ventilation systems shall be vented 
to appropriate air cleaning devices.
(c) Approp r i a t e  m e a s u r e s  shall be i mplemented in order
to prevent any leakage of liquid process streams from spreading
into the workplace. These measures may include the use of 
physical barriers such as c ontainment dikes or splash shields in 
addit i o n  to specified work practice cleanup and deco n t a m i n a t i o n  
procedures.
(d) T h r e a d e d  pipe c onnections shall not be used for 
p e s t i c i d e - c o n t a m i n a t e d  streams.
SROUP I
Group II requirements for e ngineering c o n t r o l s  apply, with 
the following additions:
(e) Process leaks shall be m i n i m i z e d  through the 
s e l e c t i o n  of hardware which presents a m i n i m u m  potential for 
l eakage cons i s t e n t  with the required process performance. Types 
of hardware ma y  include internally pr e s s u r i z e d  double m e c h a n i c a l  
seals, "canned" pumps, welded pipe connections, or 
p r e s s u r e - t e s t e d  pip i n g  and vessels (at least 2.5 times maximuir 
working pressure). E m issions from all p o t e n t i a l  process leak 
points shall be controlled, i n cluding but not limi t e d  to:
(1) Seals on pumps, vessel agitator shafts, m ixer  
drive shafts, c o m p r e s s o r s  and other similar pieces of equipment.
(2) Valves, including process c o n t r o l  valves.
of pesticide emissions.
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(3) Flanges, gaskets, and other such connections.
(4) Proc e s s  pi p i n g  and reactor manways.
(f) Where possible, process and piping systems shall be 
designed such that antici p a t e d  eguipment failure or o p e rator 
e r r o r s  will not result in workplace e m i s s i o n s  of pesticides. For 
example, pressure relief valves on positive displacement purrps 
ma y  be piped to release to the pump intake. Automatic process 
cont r o l  valves may be installed so that failure would occur in a 
fa i l - s a f e  (non-emission) position. Automatic cutoff valves 
actuated by level indicators on receiving vessels may be 
i ns t a l l e d  on proc e s s  pumps.
(g) In the case of process leak points which cannot te
e l i m i n a t e d  using the p r ocedures outlined in (e) and (f) above, 
c o n t r o l s  shall be implem e n t e d  so that leaks can be detected and 
c o n t r o l l e d  i m m e d i a t e l y  in order to m i n imize o c c u p a t i o n a l  
exposure. These c o n t r o l s  may include a series of flexible local 
exhaust t a k e o f f s  to be used on an "as needed" basis, warning 
d e v i c e s  to detect loss of p r e s s u r e  in the i n t ernal p r e s s urizing 
fluid of double mecha n i c a l  seals, or similar controls.
(h) V e n t i l a t i o n  ductwork and pneumatic transfer systems
for pesticides shall be under n e g a t i v e  p r e ssure during operation. 
E xhaust air f r o m  v entilation or p n eumatic t r a n s f e r  systems shall 
not be recycled to the workplace, either i n t e n t i o n a l l y  or through 
i n a d v ertent positi o n i n g  of air intakes in r e l a t i o n  to exha u s t 
v e n t s .
(i) C h e m i c a l  sewers or sumps shall be kept sealed or
shall be eguipped with a p p r o p r i a t e  o n e - w a y  flow devi c e s  to
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prevent the e v a p o r a t i o n  of pesticide vapors into the workplace.
S e c t i o n  8 - M o nitoring and R e c o rdkeeping
(a) M o nitoring 
GROUPS III, II, AND I
(1) E m ployers shall conduct a survey of the plant
to determine:
(A) The names and a p p r o x i m a t e  g u a n t i t i e s  
of all p e sticides used or stored in the plant.
(B) Places where p e s t i c i d e s  might esc a p e  
f r o m  c o n t a i n e r s  or eguipment and the expected d i s t r i b u t i o n  of 
p e s t i c i d e  c o n t a m i n a t i o n  in the event of such escape.
(C) All locations and operations in which 
e m p l o y e e s  may be expo s e d  to pesticides and the nature of their 
po t e n t i a l  exposure. Airborne co n c e n t r a t i o n s  of pesticides to 
which workers are exposed shall be measured.
(D) The m o ^ m e n t  and location of 
p e s t i c i d e s  in plan* p r ocesses and storage.
(2) The survey shall be repeated at least
annually.
(b) R e c o r d k e e p i n g  
GROUPS III, II, AND I
(1) The following records shall be m a i n t a i n e d  by
the e m p l o y e r  for at least 30 years a f t e r  t e r m i n a t i o n  of 
e m p l o y m e n t  of the employee:





(D) Documentation of ove r e x p o s u r e  of
em p l o y e e  to p e sticides or any other chemical in the workplac
(2) All records shall be stored and accessib 
a manner that permits c o mparison between medical records 
e x p o s u r e  data.
(3) Medical records shall be m a d e  availabl 
d e s i g n a t e d  medical r e p r e s e n t a t i v e s  of the S e c r e t a r y  of Labo 
the Secretary of Health, Education, and Welfare, and of 







r , of 
the
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II. I N T R O DUCTION
This report presents the c r i t e r i a  and the r e c o m m e n d e d  
s t a n d a r d  based thereon which were developed to protect e m p l o y e e s  
e nga g e d  in p e s t i c i d e  m a n u f a c t u r i n g  and fo r m u l a t i n g  o p e r a t i o n s  
a gai n s t  occ u p a t i o n a l  illnesses. The crite r i a  and the re s u l t i n g  
s t a n d a r d  have been designed to afford improved worker p r o t e c t i o n  
from exposures tc pesticide active in g r e d i e n t s  and to other 
subst a n c e s  used in m a n u f a c t u r i n g  and formulating processes, such 
as raw materials, intermediates, inerts# and solvents. The 
c r i teria document fulfills the r e s p o n s i b i l i t y  of the S e c retary of 
Health, Education, and Welfare, under Section 22(c) (1) of the 
O c c u p a t i o n a l  Safety and Health Act of 1970, to ” ...d e v e l o p  and 
e s t a b l i s h  recomm e n d e d  o c c u p a t i o n a l  safety and health 
s t a n d a r d s . .."
NIOSH, after a review of data and c o n s u l t a t i o n  with 
others, formalized a sy s t e m  for the development of c r i t e r i a  upon 
which standards can be e s t a b l i s h e d  to protect the health and to 
prov i d e  for the safety of workers exposed to hazardous c h e m i c a l  
and physical agents. These c r i teria and the recomm e n d e d  s t a n d a r d 
for occu p a t i o n a l  expos u r e  to pesticides during their m a n u f a c t u r e  
and formulation are part of a continuing series being de v e l o p e d  
by NIOSH. The methodology of this study c o n s i s t e d  of developing, 
evaluating, and recording i nformation from l iterature searches.
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f r o m  visits to pesticide m a n u f a c t u r i n g  and forinulating plants, 
and from c o n s u l t a t i o n s  with e x t ernal sources including other 
Fede r a l  agencies, p r o f e s s i o n a l  occu p a t i o n a l  health societies, and 
an advisory group. The advisory group con s i s t e d  of k n o w l e d g e a b l e 
in d i v i d u a l s  from industry, labor, government, and academia. 
T h e s e  sources assisted NIOSH by identifying a d d i t i o n a l  
i n f o r m a t i o n  for c o n s i d e r a t i o n  and by rev i e w i n g  the adeguacy and 
s o u n d n e s s  of the critigue of e x i s t i n g  scien t i f i c  i n f o r m a t i o n  and 
the feasibility of the r ecommended standard based thereon. A 
draft of the criteria document was reviewed in March 1978 by the 
a d v i s o r y  group.
Th e  r e c o m m e n d e d  standard is intended to protect agai n s t  
de v e l o p m e n t  of systemic and local adverse health effects, and to 
be a ttainable with existing t e c h n o l o g y  and technigues. Empha s i s  
has been placed on e f f e c t i v e  work p r actices, e n g i n e e r i n g  
controls, e m p loyee training, a n d  medical surveillance^ 
P e r m i s s i b l e  exposure limits have not been d e veloped in this 
document; however, NIOSH recom m e n d s  c o m p l i a n c e  with pr o m u l g a t e d  
Federal occupational exposure limits (see Appendix III) and 
a d o p t i o n  of new e n v i r o n m e n t a l  limits in those cases where the 
NI O S H  recommended limit differs from those already promulgated. 
T h e s e  include the e n v i r o n m e n t a l  limits re c o m m e n d e d  for s u b s t a n c e s  
such as parathion, methyl parathion, creosote, ethylene 
dibrorride, and dinitr o - o - c r e s o l  (see Appendix IV) .
The standard is not intended to inhibit flexibility in the 
way a task is performed or to restrict the development of safer 
technigues. Instead, any criteria and recommended s t a ndard
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should e n c o u r a g e  management, and labor to develop safer equipment, 
m o r e  e f f e c t i v e  work practices and e n g i n eering controls, and rrore 
a p p r o p r i a t e  training programs that will result in more h e althful 
work environments. Simply com p l y i n g  with the r e c o m m e n d e d  
s t a n d a r d  should not be the final goal.
The c r i teria and recommended standard were developed from 
an overall process point of view and are designed to prot e c t  
e m p l o y e e s  from e x p osure to pesticides and other substances used 
in the m a n u f a c t u r e  and f o r m u l a t i o n  of pesticides. The document 
s p e c i f i e s  proper work practices as a means of m i n i m i z i n g  the risk 
of adverse health effects and identifies a ppropriate b i o l o g i c  
m o n i t o r i n g  and m e d i c a l  s u r v e i l l a n c e  programs for employees who 
work with pest i c i d e s  during their ma n u f a c t u r e  and formulation. 
The r ecommended standard indicates the impor t a n c e  of p r o viding a 
clean workplace and of a p p rising all employees of the hazards of 
p e s t i c i d e s  and of the n e e d  to utilize proper work practices. 
Wi t h i n  each of the eight s e c t i o n s  of the r e c o m m e n d e d  standard, 
reg u i r e m e n t s  vary a c cording to the pest i c i d e s  to which they 
apply: (1) the most strigent work practices and e n g i n e e r i n g
c o n t r o l s  are spe c i f i e d  .for Group I p esticides, which pose a 
s i g n i f i c a n t  risk of a d v e r s e  acute health effects at low 
c onc e n t r a t i o n s ,  or risk of carcinogenic, teratogenic, neurot o x i c , 
or reproductive effects; (2) less stringent r e g u i rements apply to 
G roup IT pest i c i d e s  which pose adve r s e  acute health r isks at 
m o d e r a t e  doses; and (3) the least stringent practices and 
c o n t r o l s  are s p e c i f i e d  for Group III pesticides, which, based on 
present data, pose mini m a l  risk of adverse acute effe c t s  e v e n  at
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r e l a t i v e l y  high-close levels. The basis for e s t a b l i s h i n g  these 
three groups and for assigning pesticides to each is c o n tained in 
C h a p t e r  VI, along with a d i s c u s s i o n  of the rationale for 
sel e c t i n g  specific work practices and cont r o l  r e g u i r e m e n t s  for 
e a c h  group.
These c r i teria for a pesticide s t a ndard apply onl y  to 
oc c u p a t i o n s  in pesticide m a n u f a c t u r i n g  and formulating. This 
includes manufacturing, formulating, packaging, mixing, blending, 
or repackaging of any pesticide active ingredient. A p p l i c a t i o n 
of this recomm e n d e d  standard to s ituations other than the 
o c c u pational settings s p e c i f i e d  above is not warranted.
The d e v e l o p m e n t  of the r e c o m m e n d e d  standard for the 
m a n u f a c t u r e  and f o r m u l a t i o n  of p esticides has revealed that 
ad d i t i o n a l  r e s earch is needed in the fo l l o w i n g  areas: (1)
s tud i e s  to d e t e r m i n e  whether particular pesti c i d a l  chemicals have 
carcinogenic, teratogenic, mutagenic, neurotoxic, behavioral, or 
o t h e r  dealyed toxic effects, (2) e f f e c t i v e  d e c o n t a m i n a t i o n  of 
work clothing, (3) more eff e c t i v e  e n g i n e e r i n g  controls to limit 
p e s t i c i d e  emissions and ex p o s u r e s  in m a n u f a c t u r i n g  and 
formulating processes, and (4) more e f f ective personal p r o t e c t i v e  
eguipirent and c l o thing for pesticide workers. A more c o m p l e t e  
discu s s i o n  of these and other research areas is pre s e n t e d  in 
Chap t e r  VII.
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III. HEALTH HAZARDS FROM EXPOSURE IN PESTICIDE 
MANUFA C T U R E  AND FORMULATION
As defined by the Federal Envir o n m e n t a l  Pesticide Cont r o l  
Act (FEPCA), a p e sticide is (1) "any s u bstance or m i x t u r e  of 
s u b s t a n c e s  i n t e n d e d  for preventing, destroying, repelling or 
m i t i g a t i n g  any pest (insect, nematode, fungus, weed, other forirs 
of terrestial or aguatic plant or animal life or viruses, 
bacteria, or other m i croorganisms, except m i c r o o r g a n i s m s  on or in 
ma n  or other living animals) which the Administrator (EPA)
d e c l a r e s  to be a pest, and (2) any s u b s t a n c e  or m i x t u r e  of
s ubstances intended for use as a plant regulator, defoliant or
i*
d e ssicant" (40 CFR 162). There are a p p r o x i m a t e l y  1,500 active 
i n g r e dients in common use and regis t e r e d  by EPA (Federal Register 
4 1:7218-7375, February 17, 1976). There are also n u m e r o u s  other 
p e s t i c i d e  a c t i v e  i ngredients for which t o l erance levels on food 
have been e s t a b lished, which are registered on an e x p e r i m e n t a l  
basis only at this time, or which are p r o duced in the United 
States for export. These s u bstances range in acute toxicity froir 
lethal at low doses (strychnine) to edible in relatively large 
g u a n t i t i e s  (sodium c h l o r i d e ) . Certain of these compounds have 
produced carcinogenic, teratogenic, mutagenic, and n e u r o t o x i c
effects, and a l t e r a t i o n  of reproductive processes or f u n ctions in 
e x p e rimental animals. Consequently, this c h a p t e r  i s  not intended
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to be a c o m p r e h e n s i v e  review of any individual pesticide or to 
cover the biologic effects of any substantial fraction of the 
to t a l  number of substances c u rrently regis t e r e d  and used as 
pesticides.
The earliest Known pesticides were organic m a t e r i a l s  of 
n a t u r a l  origin. I n o r g a n i c  compounds, part i c u l a r l y  the salts of 
arsenic, lead, mercury, copper, and zinc, came into wide use as 
p e s t i c i d e s  in the irid-19th century. The era of synthetic organic 
p e s t i c i d e s  began with the discovery of the insecticidal a c t ivity 
of d i c h l o r o d i p h e n y l t r i c h l o r o e t h a n e  (DDT) in 1939. The success of 
DDT during World War II against lice carrying typhus and against 
m o s g u i t o s  c a r rying malaria created great e n t h u s i a s m  for 
c o m m e r c i a l  use when the war ended. Subsequent research developed  
a wide variety of synthetic organic pesticides, including the 
o r g a n o c h l o r i n e  (OC), o r g a n o p h o s p h o r u s  (OP), and carbamate  
pesticides. The 1,503 ac t i v e  pesticide ingredients are now 
f o r m u l a t e d  into more than 40,000 registered pesticide products 
[ 1]-
Since the discovery and use of pesticides, their potential 
for producing harmful effects in humans has been recognized along 
with their b e n e f i c i a l  effects. This r e c o g n i t i o n  has r e s ulted in 
a vast expend i t u r e  of g o vernment funds for s cientific r e s e a r c h  
and in a v o l u m i n o u s  amount of literature pertaining to the 
b i o l o g i c  effects of pesticides. Much has been learned of the 
bi o l o g i c  effects of these substances, but the research effort has 
been disappointing in some important respects. For instance, 
probably no substance has been more in t e n s i v e l y  studied than DDT,
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e s p e c i a l l y  in terms of potential for c a r c i n o g e n i c  effects. Yet, 
it is unknown whether the very small amounts of DDT to which we 
have all been expo s e d  are r esponsible for any portion of the 
overall human cancer problem.
While the results of studies on the effects of e x p o s u r e  of 
h u m a n s  to small guantities of DDT and other pesticides remain 
incon c l u s i v e ,  larger ex p o s u r e s  to cert a i n  pesticides are 
c o n c l u s i v e l y  harmful. The recent incidents of severe n e u r o l o g i c  
dis o r d e r s  in emp l o y e e s  involved in the m a n u f a c t u r e  of Kepone and 
l e p t o p h o s  provide clear evidence of harmful effec+s. Based on 
t h e s e  episodes and other less sp e c t a c u l a r  incidents dis c u s s e d  
later in this chapter, every effort must be made to minim i z e  
human exposure to pesticides, espec i a l l y  during their m a n u f a c t u r e  
and f ormulation when the o p p o r t u n i t y  for e x c e s s i v e  e x p o s u r e  is 
p o t e n t i a l l y  the greatest.
In the development of pesticides today, an effort should 
be made to achieve a s e lective toxic effect by e x p l o i t i n g  
ph y s i o l o g i c a l  and bioche m i c a l  d ifferences betw e e n  cells of pest 
o r g a n i s m s  and those of nontarget organisms. Such di f f e r e n c e s  are 
i n f r e g u e n t  and are o v e r s h a d o w e d  by the a b u n d a n c e  of s i m i l a r i t i e s  
ex i s t i n g  among mos t  species. Moreover, while a p a r t i c u l a r  
s u bstance may be thought of as having one main toxic action, eg, 
in h i b i t i o n  of ch i t i n  synthesis in insects, the normal functions  
of the m a mmalian body involve so many enzyme systems and 
physiologic i n t e r a c t i o n s  that the proba b i l i t i e s  are high that the 
s u b s t a n c e  may also affect m a m m a l i a n  systems.
DDT, at the time of its development as an insecticide, was
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one of the two substances (the other being penicillin) t h o u g h t  to 
hav e  achieved the ultimate in selective action. A very high 
ratio exists betw e e n  the a c u t e  ^oxi c i t i e s  of DDT for the m o s q u i t o  
and for man. However, recent research has demonstrated that the 
c o m p o u n d  is capa b l e  of p r oducing tumors in s ome s p e c i e s  of 
e x p e r i m e n t a l  animals £2]. Furthermore, there is c o n v i n c i n g
e v i dence that DDT and its m e t a b o l i t e s  a c c u m u l a t e  in food ch a i n s
by a process of biologic c o n c e n t r a t i o n  in e c o s y s t e m s  [3]. These 
findings have severely limited the a c c e p t a b i l i t y  of DDT use in 
m a n y  countries.
Similarly, when mirex was developed as an effective weapon 
against the fire ant a few years ago, it was believed to be a 
safe pesticide with regard to m a n  and the environment. However, 
r ecent animal tests indicate this sub s t a n c e  is a c a r c i n o g e n  
[4,5], further d e m o n s t r a t i n g  that pesticides, although
spec i f i c a l l y  designed to attack undesired insects and other 
pests, present potential hazards to human beings.
Obs e r v a t i o n s  in both humans and expe r i m e n t a l  animals have 
clearly shown the ability of certain pest i c i d e s  to produce
delayed irreversible effects. Induction of cancer in humans is a 
prim a r y  concern, and may require as many as 20-40 years to 
appear. Due to the ina b i l i t y  to detect most cancer and to relate 
it to a specific e t iologic agent, as well as a desire to prevent  
its occurrence, the results of animal stud i e s  must be relied upon 
ex t e n s i v e l y  in assessing the toxic effects of pesticides. The 
same argument holds for other types of delayed actions including 
c a r c i n o genesis, mutagenesis, teratogenesis, o ther e f f e c t s  on
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r e p r o d u c t i v e  processes, chronic toxic effects on parench y m a t o u s  
organs, eg, aplastic anemia, chronic n e p h r o s c l e r o s i s  and
c irrhosis, and interference with neuronal integrity.
I n d u s t r y  C h a r a c t e r i s t i c s  and Extent of Exposure
(a) Pesticide Production
In 1975, the latest year for which figures are available, 
1.6 1 billion pounds of pesticide active in g r e d i e n t s  (excluding 
creosote) were produced in the United States, an increase of 
13.555 over 1974 [ 1 ]• Of this total, 788 mill i o n  pounds were
herbicides, 666 mill i o n  po u n d s  were insecticides, and 156 m i l l i o n  
po u n d s  were fungi c i d e s  [1]. The growth in pesticide p roduction  
is expected to continue a c c ording to a 1976 survey con d u c t e d  by 
the US Department of Agriculture's (USDA) Economic R e s e a r c h  
Service [6]. Expansion in the industry sh o u l d  boost d o m e s t i c
capacity in 1976 by 12% and by another 7% by 1978 [1].
Approximately 90% of all p r e s e n t - d a y  pesticides are
o r g a n i c  compounds. I n s e c ticides consist pri m a r i l y  of OC, OP, and 
c a r b a m a t e  compounds. Fumigants include h a l o g e n a t e d  h y d r o c a r b o n s  
and i n o rganic gases. Herb i c i d e s  include amides, ar s e n i c a l e ,
carbarrates and t h i o c a r b a m a t e s , OP compounds, and s u b s t i t u t e d  
ureas. Fungicides include thiocarbamates, p h t h a l i m i d e s , and 
o r g a r o t i n  compounds. The p r oduction of these c o mpounds i n v o l v e s  
m a n y  chemical processes including c h l o rination, a l k y l ation, 
nitr a t i o n ,  phosphorylation, sulfonation, and bromination.
Creosote, a mixture of phenols derived from either wood or 
bi t u m i n o u s  coal by d e s t r u c t i v e  distillation, is use d  as a wood
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p r e s e r v a t i v e  because of its abil i t y  to kill both the fungi and 
the boring insects and a r thropods that are likely to infest wood. 
In 1972, a p p r oximately 1.15 billion pounds of creosote were 
produced, an amount almost egual to the total amount of synthetic 
o r g a n i c  pesticides produced that year [7],
I n o r g a n i c  pest i c i d e s  account for the remaining 10% of 
pesticide p r oduction and include c a l c i u m  arsenate, lead arsenate, 
s o d i u m  flouride, arsenic acid, borate, and sulfur. Of all 
i n o r g a n i c  pesticides, 55% are fungicides, 38% are herbicides, and 
7% are i n s e cticides [1]. The est i m a t e d  1975 p r oduction levels 
and uses of m a j o r  p e s t i c i d e s  are shown in Table XIV-1.
(b) De s c r i p t i o n  of Industry
C o m m e r c i a l  pe s t i c i d e  products are produced in two 
s e g u e n t i a l  operations: m a n u f a c t u r i n g  and formulating. The
m a n u f a c t u r i n g  o p e r a t i o n  produces the active pesticide i n g r e d i e n t s  
by chemical synthetic procedures. The active ingredients are 
t hen t r a n s f o r m e d  into f o rmulated products by diluting them with 
solvents, by spraying them onto clay, or by mixing t h e m  with 
other carriers. By their nature, f o r m u lating o p erations are 
p r i m a r i l y  batch mixing and blending o perations [8(pp 1,70) ].
(1) Pesticide M a n u facturers
P e s ticide m a n u f a c t u r e r s  usually o p e r a t e
c a p i t a l - i n t e n s i v e ,  integrated c h e m i c a l  s y n thesis plants and, with 
a few exceptions, produce many other chemical products in 
a d d i t i o n  to pesticides. In 1972, the average p e sticide 
m a n u f a c t u r i n g  plant e m p l o y e d  a p p r o x i m a t e l y  185 workers, 100 of 
w h o m  were employed directly in produ c t i o n  o p e r a t i o n s  £9]. The
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e m p l o y e e s  n o r mally include chemists, engineers, manaqers, skilled 
c h e m i c a l  operators, pipefitters, electricians, and laborers.
Manufacturing includes pretreatment of reactants (change 
of size, temperature, and state), reaction, purification, and 
po s t - t r e a t m e n t  of products (change of size and s t a t e ) . Raw 
m a t e r i a l s  for ma n u f a c t u r e  are delivered in bulk by pipeline, 
r a i lroad car, barge, etc, or may be produced in-plant, o ften as 
b y - p r oducts of other reactions. M a n u f a c t u r e r s  may produce 
several pesticide active i n g r e dients at a single plant, and such 
a plant usually consists of several s e p arate but i n t e r c o n n e c t a t l e 
p r o d u c t i o n  a reas or subplants. A subplant c o n tains the equipment 
ne c e s s a r y  for carry i n g  out all the unit processes and operations, 
such as reaction, distillation, filtration, and mixing, which are 
n e c e s s a r y  to synthesize a product from raw materials. Subplant 
hardware may include irills, screens, hoppers, tanks, reactors, 
a b s o r p t i o n  columns, cool i n g  towers, stills, filters, centrifuges, 
dryers, etc. Process monitoring, sampling, and a n a l y s i s  are 
pe r f o r m e d  to determine temperatures, pressures, flowrates, 
densities, and c o m p o s i t i o n  changes in order to cont r o l  the 
ch e m i c a l  reactions.
(2) P e s ticide Formulators
Pesticide f ormulating e s t a b l i s h m e n t s  are generally 
s m a l l e r  than m a n u f a c t u r i n g  establishments. The average 
forirulator employs 32 workers, 18 of whom are e m p l o y e d  in 
p r o d u c t i o n  [9]- Emp l o y e e s  may include engineers, chemists, 
operators, and laborers. T here are m ajor v a riations arrong 
f o r m u l a t o r s  both in size and in o p e rating practices. S e v e n t y - o r e
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percent of all formulating es t a b l i s h m e n t s  eirploy less tha n  20 
e m p l o y e e s  [9]. Cnly 6% of all establi s h m e n t s  employ more than 
100 employees [9], but these larger p l a n t s  dominate total 
production. Formul a t o r s  with 100 or more e m p l o y e e s  account for 
56% of production, whereas f ormulators w ith less than 20 
e m p l o y e e s  account for only 12.5% of all p r o d u c t i o n  [9].
A f o r m u lating o p e r a t i o n  is generally less complex tha n  a 
m a n u f a c t u r i n g  operation. Usually, a formu l a t o r  r e c eives  
c on c e n t r a t e d  active i ngredients from a m a n u f a c t u r e r  or a custoirer 
and dilutes them with various n o n p e s t i c i d a l  m a terials known as 
" i nerts." The ter m  inert refers to th e  effect of the s u b s t a n c e  on 
the target o r g a n i s m  relative to the ef f e c t  of the pes t i c i d e  on 
that organism. However, as with any chemical, a toxic effect can 
be obtained with any inert at some dose, and many so- c a l l e d  
inerts are m o r e  toxic to man than the term would lead one to 
believe. The formulating process may also include physical or
c h e m i c a l  treatment to y i e l d  particular product forms: dust,
powder, wettable powder, granule, pellet, e m u l s i f i a b l e
concentrate, or aerosol. Further proc e s s i n g  may be done by 
wholesalers, retailers, repackagers, or end users. With a few 
e xceptions, fo r m u l a t i n g  is a s i m p l e  proc e s s  varying in type 
a c c o r d i n g  to the d e s i r e d  end product [8(pp 1,11,12,70)].
The pr e p a r a t i o n  of dust and powder p e sticide f o r m ulations 
e n t a i l s  dispensing from hoppers, screening for size, and mixing 
with flour, silica, sulfur, lime, gypsum, talc, or clay in a 
h a m m e r  mill, roller mill, or other type of mill.
G r a n u l e - f o r m u l a t i n g  c o n s i s t s  of dispensing and sizing the inert.
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eg, clay, vermiculite, ground corncobs, d i a t o m a c e o u s  earth, 
d i s s o l v i n g  or melt i n g  the pesticide in a tank, and then s p r aying 
the pesticide onto the inert in a mixer [8 (pp 1,11,12,34,35)].
Liquid f o r m u lations are gen e r a l l y  p r e pared by placing toth 
a p e s t i c i d e  and a solvent into 3 . mixing tank provided with some 
type of agitator. The resultant liquid may be f i l tered or 
decanted to remove i n soluble material.
The care e x e r c i s e d  in su b s t a n c e  handling and control during 
fo r m u l a t i o n  varies greatly from the rela t i v e l y  s o p h i s t i c a t e d  
p r o c e d u r e s  and equipment found in a m ajor facility where both 
m a n u f a c t u r i n g  and fo r m u l a t i n g  occur [8(pp 52-62)] to less
c o m p l i c a t e d  setups where, for example, s e c o n d - h a n d  e q uipment is 
used [ 8(pp 11-18)]. Chapters IV and V provide a d d i t i o n a l  details 
on the m a n u f a c t u r i n g  and fo r m u l a t i n g  processes, work practices, 
and control processes.
(c) Industry Statistics
The S t a ndard I n d u s t r i a l  C l a s s i f i c a t i o n  Codes (SIC's) for
e s t a b l i s h m e n t s  primarily involved in the m a n u f a c t u r e  and 
f o r m u l a t i o n  of pesti c i d e s  are:
(1) SIC 2869 - Ma n u f a c t u r e  of pesticide and 
other organic chemicals, not formulas; and
(2) SIC 2879 - A g r i c u l t u r e  c h e m i c a l
m a n u f a c t u r e r s  and f o r m u l a t o r s — i n c l u d i n g  insecticides,
herbicides, a g r i cultural chemicals, h o u sehold insecticides, and 
a g r i c u l t u r a l  c h e m i c a l s  not otherwise classified.
The most recent Bureau of Census s t a t i s t i c s  (Table XIV-2)
for these two i n dustries show that there were 19 m a n u f a c t u r i n g
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es t a b l i s h m e n t s  and 388 formulating e s t a b l i s h m e n t s  in 1972 
i d e n t i f i e d  as primarily producing pesticides. Eighty-one percent 
of the value of shipment from all m a n u f a c t u r i n g  and formul a t i n g 
e s t a b l i s h m e n t s  origi n a t e d  at these facilities. The r e m ainder was 
produced at 6,679 other establishments, which produce pest i c i d e s 
as s e c ondary products. These e s t a b l i s h m e n t s  are in a number of 
i n d u s t r i e s  such as Industrial Organic C h e m i c a l s  (SIC 286), 
Po l i s h e s  and S a n i t a t i o n  Goods (SIC 2842), Plastic Materials and 
Resins (SIC 2821), P h a r m a c e u t i c a l  P r e p a ration (SIC 2834), and 
Indu s t r i a l  Ino r g a n i c  Che m i c a l s  (SIC 281).
The g eographic dist r i b u t i o n  of pesticide production in the 
US is shown in Table XIV-3. The greatest amounts of p e s t i c i d e s 
are produced in the South, followed by t h e  North Central region. 
The South also has the largest number of formulating 
e s t a b l i s h m e n t s  (Table XIV-2), r e flecting the r e g i o n ’s high 
agri c u l t u r a l  production. The value of shipment data in Tables 
XIV-3 and XIV-4 reveal that although the Western re g i o n  has
a p p r o x i m a t e l y  25% of the prim a r y  formulating e s t ablishments, they
ap p e a r  to be smal l e r  than those found in other p arts of the US,
due to the low value of shipment for this region (11%). 
Conversely, the formulating e s t a b l i s h m e n t s  found in the North 
C ent r a l  region are r e latively larger than t hose found in other 
p arts of the country. This region ship p e d  41% of dollar value 
from just 25% of US formulating establishments.
(d) E s timates of Worker Population
Table XIV-4 shows that approximately 8,700 p r o d u c t i o n
workers are e m p l o y e d  in e s t a b l i s h m e n t s  identified as p r i m a r y
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ma n u f a c t u r e r s  and formulators of pesticides. Of this total 
number of production workers, 1,900 work in m a n u f a c t u r i n g  plants 
and 6,830 work in formulating plants.
In Table XIV-5, the distribution of formulating plant 
workers is shown by size of the formulating plant. A p p r o x i m a t e l y
1.000 workers are employed in plants that have less than 20 
e mployees, and another 2,100 workers are e m p loyed in plants that 
have between 20 and 95 workers.
To e s t i m a t e  the number of production work e r s  e x p o s e d  in 
other e s t a b l i s h m e n t s  producing pesticides as secondary produ c t s  
is difficult. However, in these industries there are over
350.000 a d d i t i o n a l  prod u c t i o n  employees who have the pot e n t i a l  
for exposure beca u s e  they work at a plant that p r o d u c e s  
p e s t i c i d e s  [9].
Pes t i c i d e  P r o p e r t i e s  and Worker Exposure Routes
The particle size, volatility, and s o l u b i l i t y  of mat e r i a l s  
pres e n t  during the m a n u f a c t u r e  and fo r m u l a t i o n  of p e s t i c i d e s  
s i g n i f i c a n t l y  affect e n v i r o n m e n t a l  concent r a t i o n s  and 
a c c e s s i b i l i t y  to the possible routes of entry of p o t e n t i a l l y  
e x p o s e d  workers. The following descriptions are of s p e cific  
chemi c a l  and physi c a l  factors involved in the major routes of 
p e s t i c i d e  exposure.
(a) I n halation Exposure
The i nhalation of pesticide dusts, vapors, mists, ar.d 
g a s e s  m a y  present a significant occu p a t i o n a l  hazard. Bust 
hazards are created by dry formulations that involve granules,
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w e t table powders, baits, and solu b l e  powders. For example, 
captan, carbaryl, and chlc r d a  are usually f o rmulated in powder 
form, whereas c h l o r p y r i f o s  and d i a zinon are often formulated in 
g ranular form. Exposure to p e s t i c i d e  vapor can occur in the
p r o d u c t i o n  of fumigants such as e t h ylene dibrorride,
acrylonitrile, and trichloroethylene, and some fumigants, such as 
p h o sgene and ethylene oxide, are gases at standard temperature 
and pressure (STP). Although the carriers used in formul a t i n g  
pes t i c i d e  d u s t s  are d e scribed as "inerts" with resp e c t  to
p e s t i c i d e  potency, several may present health hazards; for 
example, talc may contain asbestiforir fibers.
In pes t i c i d e  operations, dusts are generated by the 
m e c h a n i c a l  a g i t a t i o n  of s o l i d  ma t e r i a l s  as in packaging ard 
milling. H a m m e r - m i l l  grinding has been s hown to produce powders 
with average particle sizes up to 75,w. Air-mill grinding c r e a t e s  
m i c r o n i z e d  par t i c l e s  of 2-5^[10].
Retention of p a rticles within the lungs depends on irary 
factors: size, shape, hygroscopicity, density, reactivity, and
n a s a l  or oral inha l a t i o n  [11]. Hayes [11] s p e c u l a t e d  that in the 
absence of s p e cific inform a t i o n  on a p a r t i culate, it can be 
a s s u m e d  that about 25% of inhaled m a t e r i a l  would be exhaled, 
about 50% would be d e p osited in the upper respiratory p a s sages 
and subseguently swallowed, and about 25% would be d e p osited in 
the lcwer r e s p i ratory passages.
Several stud i e s  have been conducted to measure worker 
respiratory exposure during pesticide ma n u f a c t u r e  ard 
formulation. C o m e r  et al [12] reported that formulating plant
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work e r s  had higher potential for body-front exposure than did 
spraymen. T ests were c o n d u c t e d  in three formulating plants 
dur i n g  formul a t i o n  of 4 and 5% carbaryl dusts. The work e r s  
st u d i e d  were at bagging or mixing stations, areas of g r e a t e s t  
po t e n t i a l  contamination. Considerable v a r i a t i o n  was o b s e r v e d  in 
the range of exposure values for each work activity. One of the 
factors observed as causing o c c a s i o n a l  high values of e x p o s u r e  
was m a l f u n c t i o n i n g  of the b ag-filler spout mechanism, r e s u l t i n g  
in excess billowing dust. The f o r m u l a t i o n  plant workers' mean 
r e s p i ratory exposure was 1.1 m g / h o u r  of work activity. The 
a m o u n t  of pes t i c i d e  entering the body via the r espiratory route 
was estimated from the c o n t a m i n a t i o n  of spec i a l  filter pads used 
in place of the usual outer absorbent filter pads which cover the 
f i l t e r  cartridges of the r e s p i r a t o r s  worn. To compare values, 
tests were a lso conducted on s p r aymen o p e r a t i n g  t r a c t o r - d r a w n  
airblast equipment as they applied 3.045-3.6% c a r baryl spray to 
fruit orchards. For spraymen the m e a n  e x p osure value was 0.09 
mg/hour. It is reasonable to assume that the higher amou n t s  
i n h a l e d  by formulat.ors reflect their frontal exposure to 
c o n c e n t r a t e d  dry carbaryl dust, and that s p r a y m e n  i n h a l e d  and 
c o n s e q u e n t l y  a b s o r b e d  lesser amounts due to the larger size of 
the spray droplets.
In another study, Jegier [13] m e a sured r e s p i r a t o r y  
e x p osure of f o r m u l a t i o n  plant workers during the f o r m u lation of 
25% a z i n p h o s - m e t h y l  w e t t a b l e  powder. Air samples were taken in 
the breathing zone of the plant workers during the f o r m u l a t i o n  
process. Respir a t o r y  e x p o s u r e  was determined directly from the
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q u a n t i t i e s  of a z i n p h o s - m e t h y l  deposited on filter pads a t t a c h e d  
to d o u b l e - f i l t e r  respirators. The c o n centrations in the air 
sa m p l e  ranged from 1.07 to 9.64 mg/cu m. The filter pads held 
a m o u n t s  from 0.72 to 8-24 mg/day. The highest concent r a t i o n s  
were recorded in the blending area of the plant.
Hayes [14 ] r e v iewed the rela t i o n s h i p  between physical forms 
and the exposure hazards of the three major types of pes t i c i d e  
for m u l a t i o n s  (gases, dusts, and sprays). He found that mat e r i a l s  
in the form of a gas, vapor, or very fine p articulate were 
inhaled more e f f i c i e n t l y  than are larger particles, and he 
c o n c l u d e d  that the most h a z ardous f o r m  for re s p i r a t o r y  intake was 
a gas, while dusts and then sprays followed in decreasing order 
of hazard potential. This effect of particle or aerosol size on 
ex p osure was further studied in agr i c u l t u r a l  s p r a y m e n  by Wolfe et 
al [15] who c o n c l u d e d  that the smaller aerosol p a r t i c l e s (20-100^ 
diameter) gen e r a t e d  by a c o n c e n t r a t e - s p r a y  apparatus c o m p a r e d  
with those produced by a con v e n t i o n a l  spray m a c h i n e  (over 150^ 
diameter) resulted in i n c reased potential e x p osure through the 
re s p i r a t o r y  tract. The mean respir a t o r y  exposure by the 
c o n c e n t r a t e - s p r a y  tec h n i q u e  was 0.05 m g / h o u r  while by the 
co n v e ntional dilute-spray m e t h o d  the mean was 0.02 mg/hour. The 
co n c e n t r a t i o n  of the p e s ticide in the p r e p a r a t i o n  being sprayed 
was also mentioned as a factor to be c o nsidered in the a s s e s s m e n t  
of potential exposure.
Pe sticides have a wide range of vapor pressures, varying 
f r o m  n o n v o l a t i l e  m a t e r i a l s ,  such as DDT and dieldrin, to 
c o m p o u n d s  with ext r e m e l y  high vapor pressures, such as m e t h y l
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bromide. The v o l a t i l i t y  of the m a t e r i a l  affects the 
e n v i r o n m e n t a l  c o n c e n t r a t i o n  and, thus, is a significant factor in 
r e s p i r a t o r y  exposure.
D ichlorvos (DDVP) , an OP compound, is an example of a
h ighly volatile pesticide. Beca u s e  of this property, D DVP is
f r e q u e n t l y  formulated with wax or other s u i t a b l e  m a t erials from 
which it is slowly released. Its high vapor pressure may cause 
l a r g e  co n c e n t r a t i o n s  to a c c u m u l a t e  in the air of the w o rkplace  
du r i n g  m a n u f a c t u r i n g  and f o r m u l a t i n g  operations. Menz et al [16] 
m e a s u r e d  the e x p o s u r e  of factory workers to DDVP in the
pr o d u c t i o n  and p r ocessing of a D D V P - r e l e a s i n g  a erosol product.
M e a s u r e m e n t s  were taken in the vaporizer p r o d u c t i o n  and pa c k a g i n g  
roon1 for 8 months, and DDVP levels ranging up to 3 mg/cu m were 
detected. Although the various m e a s u r e m e n t s  revea l e d  
c o n s i d e r a b l e  fluctuations, on the average, the employees were 
expo s e d  to DDVP c o n c e n t r a t i o n s  of 0.7 mg/cu m on each work i n g  day 
of the e x p e r i m e n t a l  period.
Many incidents of p o isoning due to respir a t o r y  expos u r e  to 
a variety of pest i c i d e s  h ave been reported in the literature and 
are discussed later in this chapter. These i n c idents d e m o n s t r a t e  
the need to protect workers from this exposure mode. The 
e x p e r i e n c e  with m e t homyl [17] shows that p r o b l e m s  due to t o x i c i t y  
can be avoided by co n t r o l l i n g  the form of pesticides and by 
reduc i n g  the i n h a l a t i o n  hazard. Methomyl is a highly toxic 
c a r b a m a t e  pesticide which was introduced in C a l i f o r n i a  in 1969 as 
a w a t e r -dispersible powder of 90% concentration. Shortly 
thereafter, a number of poisoning c ases occurred in which
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m e t h o m y l  was i m plicated as the c a u s a t i v e  agent. These cases 
i n c luded acute intox i c a t i o n s  in formul a t i o n  plant workers and 
farm laborers from inhal a t i o n  of the powder. Subsequently, a 
liguid fo r m u l a t i o n  of m e t h o m y l  was i n t r o d u c e d  to avoid exp o s u r e s 
that resulted from h a n d l i n g  the light p e s t i c i d e  powder, and this 
re s ulted in fewer methomyl poisoning incidents.
{b) Dermal Exposure and Absorption
Workers frequ e n t l y  e x p e r i e n c e  dermal exposure to 
p e s t i c i d e s  with subsequent abso r p t i o n  thro u g h  the skin. Exposure 
s t u d i e s  of f o r m u l a t o r s  [12] and agricultural workers [13] have 
shown that dermal e x p o s u r e  to pesticides occurs f r e q u e n t l y  if 
proper precautions are not taken. Wolfe and Armstrong [18]
r e p orted the dermal exp o s u r e s  of workers to DDT in two
formulating plants. Highest exposures o c c urred at the bagg i n g
s t a t i o n  where the mea n  dermal e x p o s u r e  was c a l c u l a t e d  to be 524.5 
mg/hour. C o m e r  et al [12 ] observed that carba r y l  f o r m u l a t i n g 
plant workers r e c eived a mean dermal exposure of 73.9 m g / h o u r  of 
work activity. Jegier [13] reported dermal e x p osure to
a z i n p h o s - m e t h y l  by f o r m u l a t i o n  workers in the blending area based
on quant i t i e s  of t h e  pesticide c o l l e c t e d  on cellulose pads
at t ached to workers' foreheads. The expos u r e  levels ranged from 
39.2 to 167.2 mg / d a y  with a mea n  of 80.9 mg/day.
The rate at which a particular compound is a b s o r b e d
t h r o u g h  the skin is dete r m i n e d  by the nature of the c o m pound 
itself, by the c o n d i t i o n  of the skin, and by external f a c t o r s  
such as temper a t u r e  [11]. One major factor is the solub i l i t y  of 
the pesticide. L i p i d - s o l u b l e  compounds, eg, parathion, DDT,
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aldrin, and toxaphene, are absorbed more readily than 
w a t e r - s o l u b l e  m a terials [11]. The most rac-id and c o m plete  
a b s o r p t i o n  through the skin occurs wi^h chem ica Is which have so ire
solub i l i t y  in both water and lipid [ J-
Skin a b s o r p t i o n  for any given compound is also 
proportional to the skin area exposed, and dependent u p o n  the 
r egion exposed. Furthermore, different portions of the human 
s kin absorb chemical substances at different rates. Maibach and 
c o w o r k e r s  [20] used 1 4C-labeled parathien to compare a b s o r p t i v e  
c a p a c i t i e s  of different parts of th- human body. The results 
(see Table III-1) indicate that under experimental c onditions the 
greatest rate of a b s o r p t i o n  and the most complete uptake in the 
mal e  was through the scrotal skin wher-> approximately 100% of the 
a p p l i e d  dose was absorbed. The possibili ty of pesticide being
c o m p l e t e l y  a b s orbed t h r o u g h  the scrotal skin emphasizes the need
for increased concern for protection of this area. Another area 
of the body where a b s o r p t i o n  was higher thin expected was the 
h e a d  and neck, where 32-47% of t h -• applied parathion dose was 
a b s o r b e d  compared with a p p r oximately 9% for the forearm.
A major factor that may alter bo1: h *■^ degree and rate of 
skin absorption is the condition of the skin barrier itself [11]. 
The skin barrier may be injured, thereby leading to increased 
absorption, by a number of factors including washing with organic 
solvents, irradiation, and thermal or chemical burns [11].
55
T A B L E  ITI-1
ABSORPTION OF PARATHION FROM 
VARIOUS PARTS OF THE BODY
Urinary 14C Excretion Expressed as Ratio to Forearm
Percent Applied Dose
Forearm 8 . 6 + 5 . 6 1 . 0
Palm 11.8 + 4 . 0 1 . 3
Abdomen 18.5 T 11.5 2 . 1
Back of the Hand 21.0 + 8.1 2.4
Scalp 32.2 í 6 . 1 3 . 7
Forehead 36.2 + 12.6 4.2
Ear Canal 46 . 5 + 17.7 5.4
Axilla 64 . 0 + 32 . 5 7 . 4
Scrotum 101.6 + 18.8 11.8
Adapted from reference 20
Derma t i t i s  and eczema also decrease the e f f e c t i v e n e s s  of the skin 
barrier and increase uptake [21]. Increased ci r c u l a t i o n  of blcod 
thro u g h  the dermis of the skin by physical movement and sweating 
also enhance the intake from the surface of the skin [11]. Very 
fine powders tend to be absorbed more readily than coar s e r  
p o w d e r s  rubbed on the skin in exactly the same way. Hayes [11] 
found that very finely ground technical dieldrin was a b s o r b e d  as 
readily as dield r i n  applied to the skin in solution; in contrast.
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coarsely ground dieldrin powder was not as well absorbed. Tif'
particle sizes of the powders were not specified.
Solvents, binders, and inert mat e r i a l s  used in ;>
m a n u f a c t u r e  and formulation also have an effect- on p"-nti. oj.r: '• 
derrral a b s o r p t i o n  and toxicity. For example, Brown [21] recorded 
significant changes in the LD50's of two expe r i m e n t a l  samples of 
c a r b a m a t e s  (composition proprietary) in CFE strain rats with 
varying solvents, because of differences in dermal a b s o r p t i o n .
The different s o l v e n t s  tested included acetone,
N -methyl p y r r o l i d o n e ,  and xylene. The first sample of carbamate 
in acetone at a c o n c e n t r a t i o n  of 20% resulted in an I.D50 of 
> 1,000 mg/kg compa r e d  with one of 103-2)3 mq/kq when the
car b a m a t e  was dissolved in N-methy l p y r r o l i d o n e  at a concent rat ion 
of 25%. A different sample of car b a m a t e  in acetone a* h
c o n c e n t r a t i o n  of 20% yielded an LE50 of >100 mg/kg in males and
130 rrg/kq in females, compared with ones of 13 mg/kg in males rail
<3 mg/kg in females o b t a i n e d  when a 5% s o l u t i o n  in xylene was
used. Increase in a bsorption may involve a solvent that by .its 
own ready a b s o r p t i o n  helps to carry the toxicant through the 
skin. Injury to the skin by these agents may also increase 
dermal absorption.
A dh e r e n c e  of p e s t i c i d e s  to the skin was demonstrated ty 
F redriksson [22 ]  who studied the deco n t a m i n a t i o n  of human skin 
exposed to parathion. Using 3 2P-labeled parathion, applied to
the skin of four volunteers, he demonstrated that a soap and 
w ater wash for 30 seconds removed o n l y  36-48% of the remaining
parathion if the wash was dela y e d  for 6 hours. A wash with
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alcohol, in which pa r a t h i o n  is soluble, still allo w e d  10% of the 
dose to remain after the same amount of time.
In summary, for many pesticides, e s p e c i a l l y  the OC, OP and 
c a r b a m a t e  insecticides, exposure via the dermal route is one of 
the most important sources of exposure. Extra care should be 
taken to protect all areas of the skin from e x p o s u r e  to 
p e r c u t a n e o u s l y  absor b a b l e  compounds, and e m p l o y e e s  should be well 
a ware of the hazards of dermal absorption of pesticides.
(c) G a s t r o i n t e s t i n a l  Absorption
Oral e x p o s u r e s  occur through a c cidental s p lashing of 
liguid p e sticides into the mouth, by smoking or eating with 
p e s t i c i d e - c o n t a m i n a t e d  hands, by rubbing the mouth are a  with 
c o n t a m i n a t e d  hands, and by swallowing inhaled mater i a l  that may 
have entered the upper respiratory tract or have been swept up 
the trachea by ciliary action into the pharynx. However, such 
oral exposures are difficult to measure or quantify.
The esters of such acids as 2, 4-D and 2, 4, 5-T would be 
e x p ected to be hydrolyzed within the i ntestinal t r a c t s  of 
mammals, so that the free acids would be the entities to te 
absorbed through the walls of the tract. Both 2, 4-D and 2, 4,
5-T are weak acids, with pK ' s at 25C of 3.31 and 3.14, 
respectively, and are soluble in lipids and lipid solvents. Such 
c o m p o u n d s  would be expected to be e s s e n t i a l l y  n o n i o n i z e d  in 
stomachs, where the pH is between 1.0 and 2.0, and to be well 
absorbed, therefore, from the stomach and the first p o r t i o n  of 
the duodenum [ 23, 24 ]. As the pH of the contents of the 
i n t e s t i n a l  tract rises after the influx of the succus ent e r i c u s
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and the pancreatic secretions, these co m p o u n d s  would become more 
ionized and, consequently, less lipid s o l u b l e  and less well 
a bsorbed. A b sorption would occur by the process de s c r i b e d  by 
Palay and Karlin [25] of p inocytosis into the mucosal cell, 
c o l l e c t i o n  in the endopl a s m i c  reticulum, and delivery into the 
l y m p h a t i c  system. This same m e c h a n i s m  has reportedly appl i e d  
to m e t h o x y c h l o r  [26], another m a t erial solu b l e  in lipids and 
lipid solvents. On the other hand, paraquat, a compound highly 
s olu b l e  in water (67 q in 100 ml), is usually highly ionized, 
with two p o s itive charges per molecule. Accordingly, it is 
p oorly a b s orbed from the intestinal tract [27].
(d) Ocular Exposure
The c o n c e n t r a t i o n  of toxicant that c o n t a c t s  the exposed 
s urf a c e  of the eyes due to spills or splashes may be greater than 
that reached in the body as a whole, so that local effects may be 
produced on the eye or its accessory str u c t u r e  (conjunctivae, 
eyelids, etc) in the absence of o b servable systemic effects. 
U pholt et al [28] discussed this phenomenon in a s tudy of 
volu n t e e r s  exposed to t e traethyl p y r o phosphate in which no 
systeiric illness was found, but in which mi o s i s  appeared.
Maddy and Topper [ 29] des c r i b e d  many examples of eye 
injuries due to pesticides in Cali f o r n i a  during 1975. One 
o c c u r r e d  to an employee who was working with a dust col l e c t o r  
w h e n  some excess c a p tafol powder was blown out causing the powder 
to enter through the side vents of his goggles, resulting in eye 
irritation. Another exposure o c c u r r e d  when a chemist o b s e r v i n g  a 
formulating procedure without wearing goggles was e x p o s e d  to
: h 1 or o f b a lor: i 1 dust . He suffered from conjunc t i v i t i s  and 
p !--o!'op};ci■•id for 3 days and did not regain normal vision for a
Genora 1 Toxicologic Effects of Pesticides
Pes* i ciies have caused diverse toxic e f f e c t s  on various 
and anitral organs and organ systems including the liver, 
k line yt;, skin, lungs, brain, nervous system, and eyes. Certain 
pesticides dppear to be carcinogenic in humans and others have 
p :/'■ viuccd t umors of vital organs in test animals. They have also 
.-dus-d structural and functional defects in unborn e x p e r i m e n t a l 
animals and mutagenic Changes in hereditary char a c t e r i s t i c s  in in 
v i. vo and in vitro test systems.
The many types of chemi c a l  compounds used as pesticides 
can 'f ̂  grouped on the basis of chemical s t r u c t u r e  into gene r i c  
elapses such as chlorinated hydrocarbons, OP's, carbamates, and 
chloropltenoxy acid esters and salts. While there are significant 
var ia tion s in the toxic effects of the individual pesti c i d e s  
v . t h i r. oach s tructural class, common effects have been observed,
(a) O r g a n o c h l o r i n e  Insecticides
DDT, aldrin, dieldrin, lindane, chlordane, toxaphene, and 
mirox are some of the most important OC p esticides in terms of 
production and use [7]. These com p o u n d s  are all nonpo l a r
substances and thus are s o l u b l e  in lipids and organic solve n t s  
and are relat i v e l y  resistant to metab o l i s m  or degradation.
Consequently, these com p o u n d s  have a strong t e n d e n c y  to penetrate 
c<:']1 membranes and to be stored in the body fat. Chronic,
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l o n g-term exposure to these co m p o u n d s  usually presents a irore 
serious problem than acute exposure [30].
OC p e s t i c i d e s  primarily tend to damage the liver and 
kidn e y s  [2,31]. Several of t hese pesticides, including DDT [31], 
a l d r i n  [2], dieldrin [2], and mirex [4,5], have produced benign 
and rralignant tumors in the livers of c h r o n ically exposed 
e x p e r i m e n t a l  animals, p a r t i c u l a r l y  mice. The hazards from skin 
a b s o r p t i o n  are sira.ll when the mater i a l  is dry or in p o w dered 
form. On the other hand, when dissolved in oil or orga n i c 
solvents, the mat e r i a l s  are well absorbed through the skin and 
c o n s t i t u t e  a c o n s i derable hazard. Behav i o r a l  changes, 
d i s t u r b a n c e s  of sensory and eguilifcratory functions, i nvoluntary 
a c t ivity of s k e letal muscles, and d epression of vital centers 
have also been a t t r i b u t e d  to e x p osure to OC insecticides, 
i n cluding DDT, aldrin, dieldrin, and Kepone [31-34],
(b) O r g a n o p h o s p h o r u s  Insecticides
There are a large number of OP ins e c t i c i d e s  in use. They 
include phosphates, phosphonates, p h o s p h o r a m i d a t e s ,
pyrophosphates, t h i o p y r o p h o s p h a t e s , and phosphorothioates.
In contrast to the OC insecticides, the OP com p o u n d s  
present a high hazard of acute i n t o x ication which varies 
con s i d e r a b l y  from compound to compound. P a rathion and 
fensul f o t h i o n  are very toxic, with oral LD50's in rats of about 2 
m g / k g  [35]. Malathion is one of the least t oxic compounds, with 
an oral LD5Q in rats of 1,400 mg/kg [35]. These substances exert 
their toxic effe c t s  thro u g h  their abil i t y  to inhibit 
c h o l i n e s t e r a s e s  (ChE’s)- OP compounds c o n t a i n i n g  a P = S nucleus,
such as parathion, must be metabo l i c a l l y  a c tivated by e x c h a n g i n g  
an oxygen atom for the sulfur. Animals, man, and inse c t s  all 
perf o r m  this activation. In mammals, the a c t i v a t i o n  is done by 
m i c r c s o m a l  oxidafies of the intestinal wall and liver. Other OP 
c o m p o u n d s  do not require m e t a b o l i c  activation. The inhibit ion of 
ChE by active forms is e s s e n t i a l l y  irreversible and renders their 
t oxic actions persistent until the inhibited e n z y m e s  are replaced 
by newly produced ones. R e p e t i t i o n  of a small dose may finally 
result in serious into x i c a t i o n  even though each single dose iray 
inhibit only a small percent of the ChE activity. The syirptoirs 
result from the accu m u l a t i o n  of excessive quantities of 
a c e t y l c h o l i n e  at peripheral, ganglionic, and central nerve 
endings and from an elevated c o n c e n t r a t i o n  of a c e t y l c h o l i n e  in 
the blood plasma and i n t e r s t i t i a l  fluids. Poisoning with 
rever s i b l e  inhibitors, such as tetraethyl diphos p h a t e  (TEPP) , is 
na t u r a l l y  more amenable to therapy.
Increased bronchial secretions, salivation, sweating, 
bradycardia, miosis, muscular weakness, hyper glyceiria, low blood 
pressure, anxiety, headache, neurosis, slurred speech, 
d iso r i e n t a t i o n ,  and co n v u l s i o n s  are signs and symptoms that 
c h a r a c t e r i z e  poisoning by this group of com p o u n d s  [36], 
Respir a t o r y  failure is the most usual cause of death frorr a 
single, high dose. Such failure results from a c o m b i n a t i o n  of 
blockage of the respiratory tract from e x c e s s i v e  secretion froir 
glands of the mouth and respiratory tract, by possible 
br o n c h oconstrLet i o n , and by paralysis of the respiratory areas of 
the brain stem [ 37 , 38 ].
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The degree of acute i n t o xication by most OP compounds m a y  
be gauged readily by the measur e m e n t  of the extent of inhi b i t i o n  
of a c e t y l c h o l i n e s t e r a s e  (AChE) in red blood cells (RBC's) or of 
the n o n s p e c i f i c  ChE present in plasma. Axonal deg e n e r a t i o n  
followed by dege n e r a t i o n  of m y e l i n  sheath cells in perip h e r a l  
nerves, and e v e n  in some cases, of d e g e n e r a t i o n  of tracts within 
the spinal cord, has been observed. Such e f f e c t s  resulted from 
p r o l o n g e d  e x p o s u r e  to such OP compounds as tri- o - c r e s y l  phosphate
[39], mipafox [4 0]# and leptophos [41]. Some e v i dence has 
a ccumu l a t e d  that th e  chro n i c  depression of AChE activity by OP 
c o m p o u n d s  may be assoc i a t e d  with b ehavioral c h a n g e s  [42-44], but 
there is some doubt of the scientific validity of these 
c o n c l u s i o n s  [ 45-47 ]. Based on analysis of available human and 
animal data perta i n i n g  to behavioral chan g e s  a ttributed to OP 
pesticides, it a p p e a r s  that insufficient c r i t e r i a  exist for 
a ss e s s i n g  the s i g n i f i c a n c e  of relatively subtle, a p p a r e n t l y  
reversible, al t e r a t i o n s  in brain function on the health cf 
e x p o s e d  workers. However, there is c ause for concern and 
a d d i t i o n a l  r e s e a r c h  is r ecommended in this area.
(c) C a r b a m a t e  I n s e c ticides
These insecticides, which include carbaryl, methomyl, and 
propoxur, have more r e c ently come into wide use. They are also 
ChE inhibitors and produce symptoms in hu m a n s  similar to that of 
the OP insecticides. Unlike some OP compounds, the c a r b a m a t e s  do 
not reguire a c t i v a t i o n  by m i c r o s o m a l  enzymes to inhibit ChE. The 
i n h i b i t i o n  of ChE by carb a m a t e s  is more readily r eversible than 
t hat produced by most OP c o m p o u n d s  [36]. O v e r e x p o s u r e  may result
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in local effects, such as c o n s t r i c t i o n  of the pupil of the eye, 
s w e a t i n g  on a localized area of skin, sec r e t i o n  of fluid by 
g l a n d u l a r  mucosa, etc. After abso r p t i o n  into the blood, the
co m pound will contact first the ChE of the plasma and the 
e r y t h r o c y t e s  and will inhibit one or both of their. 
D e t o x i f i c a t i o n  and d i s s o c i a t i o n  of the inhibitor from the enzyme 
begins promptly, and the c o n c e n t r a t i o n  of active enzyme in the 
blood rapidly assumes normal values while ChE in the c e n t r a l  
ne r v o u s  system (CSS) or in effector organs may still be
depressed. In this case, measurement of blood ChE activities 
would yield normal values and might lead the physician to 
c o n c l u d e  falsely that the patient had not been poisoned by a ChE 
inhibitor. Even though' a blood sample may be taken at a time 
when its ChE activity is still depressed, dis s o c i a t i o n  of a 
c a r b a m a t e  inhibitor from the enzyme will proceed by h ydrolysis  
after the blood sample has been collected. When carbamates are 
the co m p o u n d s  of interest, it is important that blood s a m p l e s  be 
ex a mined for ChE a c t i v i t y  as soon after c o l l e c t i o n  as p o s sible 
and that a rapid s a m pling and a n a l y t i c  method be used involving  
no, or minimal, d i l ution of the blood. However, due to the rapid 
reversal of c a r b a m a t e - i n d u c e d  ChE inhibition, NIOSH does not 
r e c o m m e n d  routine m o n i t o r i n g  for persons exposed only to 
cartairate insecticides.
(d) Inorganic Arsenicals
Lead arsenate, Paris green, and so d i u m  a r s enite are
insecticides that h ave b een used for man y  years. Arsenic 
co m p o u n d s  are i nvariably d a ngerous cellular poisons [48]. They
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exert their effe c t s  by reaction with sulfh y d r y l  groups of
i m p o r t a n t  enzymes and are capable of affecting most organs in the
body. Symptoms of acute intoxication include nausea, vomiting, 
diarrhea, inte n s e  pains or cramps in the in t e s t i n e  as well as in 
the stomach and esophagus, rapid fall of blood pressure to shock 
levels, convulsions, coma, and death. S y m ptoms and signs of
c h r o n i c  arsenic poisoning are c h a r a c t e r i s t i c  g a s t r o i n t e s t i n a l  
pains and diarrhea, injury and degeneration of the kidneys, 
edema, fatigue, and loss of appetite. C h a r a c t e r i s t i c  skin 
changes, which may appear also in mucous membranes, are flushing, 
edema, acne, and thickening and scaling of the epidermis. Hair 
loss, d e tachment of fingernails and toenails, and sometimes fatal 
e x f o l i a t i v e  d e r m a t i t i s  may occur. Ino r g a n i c  arsenic has been 
shown c o n c l u s i v e l y  to produce skin cancer by prolonged use as a 
therap e u t i c  agent [49], Increased i n c i d e n c e s  of skin cancers, 
r e s p i r a t o r y  cancers, a n d  leukemias have been observed in
pe s ticide workers exposed to inorganic a r senicals [50].
(e) N i t r o p h e n o l i c  H erbicides
N i t r o p h e n o l i c  herbicides, such as the dinitro p h e n o l s  ar.d 
d i n i t r o - o - c r e s o l  (DNOC), are highly toxic to humans and animals 
[36]. Most n i t r o p h e n o l s  and nitrocresols are well absorbed from 
the gastr o i n t e s t i n a l  tract, through the skin, and from the lungs 
when very fine droplets are inhaled [36]. They irritate the skin 
and usually produce a yellow stain whenever contact occurs. like 
o t h e r  phenols, they are toxic to the liver, kidneys, and nervous 
systeir. The basic m e c h a n i s m  of toxicity is probably the 
uncoupling of oxidative p h osphorylation [36]. I n c r e a s e d
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o x i d a t i v e  m e t a b o l i s m  depletes body c a r b o h y d r a t e  and fat stores 
and leads to hyperpyrexia, tachycardia, and dehydration [36]. 
Symptoms of poisoning from these compounds are more severe when 
the ambient temperature is high [36]. Direct a c t i o n  on the brain 
c a u s e s  cerebral edema which is mani f e s t e d  c l i n i c a l l y  as a toxic 
p s y c h o s i s  and s o metimes as convulsions. Liver parenchyma and 
re n a l  tubules show d e g e n e r a t i v e  changes; albuminuria, pyuria, 
hematuria, and i n creased blood urea n i t r o g e n  (BUN) are often 
p r ominent signs of renal injury. A g r a n u l o c y t o s i s  has o c c u r r e d 
f o l l o w i n g  large doses of d i n i t r o p h e n o l  [36]. D i n itrophenols have 
also teen implicated in the formation of c a t a r a c t s  [51].
(f) Chlorophenoxy H e r b i c i d e s
The c h l o r o p h e n o x y  acids, salts, and esters are irritating 
to skin, eyes, and r espiratory and g a s t r o i n t e s t i n a l  linings. 
They are absorbed thro u g h  the gut wall, the lung, and the skin. 
T hese acids are not s i g n ificantly fat storable, and e x c retion 
o ccurs within hours or at the most within days, p r imarily in the 
urine [36]. They are r e g arded as being fairly nontoxic, a l t h o u g h  
three cases of p e ripheral n e uropathy were reported in workers 
after exposures to 2,4-D £52]. In a few individuals, local
d e p i g m e n t a t i o n  has a pparently resulted from prolonged and 
r e p eated dermal contact with these s u b s t a n c e s  [36]. Some 
c h l o r o p h e n o x y  compounds have caused severe c ases of derm a t i t i s  or 
c h l o r a c n e  in workers, a l t h o u g h  in some cases c o n t a minants were 
the responsible agents [ 53].
C hlori n a t e d  d i b e n z o d i o x i n s  (TCDD) are c o n t a minants of 
2,4,5-T. Neurotoxic effects and chloracne have b e e n  found in
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workers exposed to TCDD-cont.aminated 2,4,5-T. E x p e r i m e n t a l 
aniirals exposed to TCUD m a y  suffer t e r a t o g e n i c  and mut a g e n i c  
e f f e c t s  [ 54 ].
{g ) Dipyridyls
Paraquat and diquat are the best known compounds of this 
class of herbicides. The d i p yridyl c o mpounds can bind to ar.d 
in j u r e  the e p i t h e l i a l  tissues of the skin, nails, eyes, nose, 
mouth, and r e s p i ratory and g a s t r o i n t e s t i n a l  tracts. C o n c e n t r a t e d  
s ol u t i o n s  cause i n f l a m m a t i o n  an d  s o m e t i m e s  necrosis and 
u l c e r a t i o n  of mucosal linings [36].
Autopsy cases of accidental or suicidal poisonings from 
p araquat show evidence of lung, liver, and kidney damage. Some 
c ases had m y o c a rditis, and one case showed transient n e u r o l o g i c 
signs. Most striking was the widespread cellular proliferation 
in the lungs [55]. Indications of diffuse t o x i c  p n e u m o n i t i s  
appear from 72 hours to 14 days after i n gestion of paraguat. The 
pul m o n a r y  lesion has a complex h i s t o p a t h o l o g y , beginning with 
i n t r a - a l v e o l a r  e d e m a  and hemorrhage, followed by the 
p r o l i f e r a t i o n  of fibrous conne c t i v e  tissue. This fibrous 
c o n n e c t i v e  tissue p r o l i f e r a t i o n  is often p rogressive and 
g e n e r a l i z e d  and frequently results in death in 1-3 weeks [36].
(h) Urea, Uracil, and T r i azine H e rbicides
Monuron, bromacil, atrazine, and s i m a z i n e  are some of the 
better known herbicides in these categories. They have low oral
a cute LD50's, generally being above 1 ,000 m g/kg [55].
Most injuries reported with these h e r b i c i d e s  involve skir, 
i r r i t a t i o n  after prolonged contact. Some of these chemicals have
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been implicated in injuries to the nervous system, liver, ard 
kidneys, and have been known to cause increased permeability of 
c a p i l l a r i e s  at very high dosage levels in small l aboratory 
anitrals, sheep, and cattle. Aneir.ia and altered adrenal function 
have been detected in animals given extreme doses of atrazine  
[56], These e f f e c t s  have not been o b s erved in persons expo s e d  
oc c u p a t i o n a l l y  or by accidental ingestion [36].
The herbicide amitrole, although not classified as a 
triazine, is str u c t u r a l l y  similar. This coirpound also has a very 
low acute oral toxicity in rats and mice, with a range frorr 
1 5, 000 to 25,000 mg/kg [55]. However, amitrole is a potent 
a n t i t h y r o i d  agent, and significant e f f e c t s  on thyroid function 
have teen o b s erved at feeding levels as low as 2 ppm [57]. 
Amitrole has induced adenomas and a d e n o c a r c i n o m a s  in rats given 
1)3 ppm in the diet for 2 years [58] and is also the cheirical 
s u s pected of inducing an increased incidence of cancer in Swedish 
railway workers [59].
(i) D i t h i o c a r b a m a t e s
There are three main groups in this class of fungicides. 
The first group c o n t a i n s  the dimethyl derivatives i n cluding 
thirair, ziram, ferbam, and vapam. The second group is c o m posed 
of the diethyl d e r i v a t i v e s  such as ethyl selenac, ethyl ziirate, 
ethyl tellurac, and ethyl cadmate. And finally, there is the 
g r o u p  of e t h ylene (bis) d i t h i o c arbamate derivatives, which 
includes the pesti c i d e s  zineb and maneb.
Many of the d i m e t h y l d i t h i o c a r b a m a t e  compounds are 
i r r i t a n t s  and sensitizers [36]. The t o x i c i t y  of these co m p o u n d s
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probably resembles that of disulfirar- (Antabuse), which is used 
to c o n dition individuals against beverage alcohol. They are 
me t a b o l i z e d  in a manner similar to that of d i s u 1 f i r a m .
D i s u l f i r a m  m e t a b o l i t e s  are powerful i n h i b i t o r s  of m u l t i p l e
sulf h y d r y l  enzymes in the liver [60,61] and the CNS. Aninral 
ex p e r i m e n t s  indicate that thiram is more toxic than m e d icinal 
d i s u l f i r a m  [36]. Preliminary results r e p o r t e d  by NIOSH [62] 
i n d icate that a serious toxic s y n e r g i s m  exists betw e e n  disulfirarr 
and ethylene dib r o m i d e  (EDB). In rats fed 3.05/5 d isulfiram in 
the diet, m o r t a l i t y  was 3/48 for males and 3/48 for females. 
Pats exposed to 20 ppm EDB by i n h a l a t i o n  experi e n c e d  m o r t a l i t y  
of 15/40 for males and 9/48 for females. However, rats expo s e d  
to both 0.05% disu l f i r a m  in the diet and 20 ppm EDB in air 
e x p e r i e n c e d  m o rtality of 45/48 for males and 47/48 for females. 
All exposure periods were 13 months, and cause of death included  
an increased i n cidence of various tumors, including 
h e m a n g i o s a r c o m a s  of the liver, spleen, and kidney. Mortality for 
co n t r o l s  was 0/48 for males and 3/48 for females.
The toxic e f f e c t s  of these co m p o u n d s  can be categorized as 
t h o s e  following absorption of the toxicant alone, and as those 
which result when the d i t h i o c a r b a m a t e  is followed by alcohol. 
Pe r i p h e r a l  n e u r o p a t h y  and psychotic reactions have occurred in
a l c o h o l - a b s t i n e n t  i n d i v i d u a l s  on high d i s u l f i r a m  regimens. 
D i s u l f i r a m  follo w e d  by alcohol is c h a r acterized by flushing, 
e x c e s s i v e  sweating, weakness, upper r e s p i r a t o r y  co n g e s t i o n ,  
labo r e d  breathing, and in some cases, re s p i r a t o r y  d e p r e s s i o n  that 
has been life-threatening. High dietary intake of fe r b a m  and
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zinet has produced functional and a n atomical damage to the CNS in 
rats [ 36 ].
In a s c r eening study done by B i onetics for The N a t i o n a l  
C ancer Institute (NCI) [4], a number of these pesticides were 
t ested for t heir c a r c i n o g e n i c  effects in mice. Elevated turror 
i ncidences were observed in the mic e  fed ethyl selenac and bis 
(2-hydroxyethy 1) d i t h i o c a r b a m i c  acid potassium salt [4], whereas  
no s ignificant increase in tumors was seen with zineb, maneb, 
ferbam, ethyl zimate, methyl zimate, methyl selenac, and ethyl 
cadmate. The auth o r s  also concluded that a d d i t i o n a l  eval u a t i o n  
of ethyl tellurac and sodium d i e t h y l d i t h i o c a r b a m a t e  was needed. 
Sthylene t h i o u r e a  (ETU) caused elevated t umor incidence when 
a d m i nistered orally [4]. ETU is an oxidation product of the 
e t h y l e n e  b i s d i t h i o c a r b a m a t e  fungicides. Many com p o u n d s  of this 
class, i n cluding zineb and maneb, are skin irritants and have 
c aused dermatitis [63].
(j) O r g a n o m e r c u r i a  Is
Organic mercury compounds are used as fungicides for seed, 
bulb, and corn treatment, and include phenyl mercury acetate, 
N - e t h y l m e r c u r i - 1,2,3 ,6 - tetrah y d r o - 3,6 - e n d o m e t h a n o - 3,4,5,6,7,7- 
h e x a c h l o r o p h t h a l i m i d e  (EMMI), N - m e t h y l m e r c u r i - 1 , 2 , 3 , 6 - t e t r a h y d r o -  
3 ,6 - e n d o m e t h a n o - 3,4 ,5,6 , 7,7- h e x a c h l o r o p h t h a l i m i d e  (MEMMI), and 
2 - m e t h o x y e t h y l m e r c u r i c  chloride.
Because these pesti c i d e s  c o n t a i n  mercury, they should be 
regarded as highly dangerous. Compounds of mercury may be 
a bsorbed through the skin, the g a s t r o i n t e s t i n a l  tract, and the 
lungs. If high c o n centrations of i o n i z a b l e  mercury reach the
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s mall intestine, severe a b dominal pai n  and bloody diarrhea will 
result, with possible sudden death due to shock and c i r c u l a t o r y  
c o l l a p s e  [64,65]. In general, the signs and symptoms of a r y l  and 
m e t h o x y e t h y l  mercury poisoning resemble those observed for 
i n o r g a n i c  mercury c o m p o u n d s  [66]. Alky l m e r c u r y  c o m pounds also 
a f f e c t  the nervous system, and the signs and symptoms include 
tremors, slurred speech, m o t o r  weakness, and a b n o r m a l  reflexes 
[64], The health effects of poisonings by m e rcurials are further 
d e s c r i b e d  in N I O S H ’s criteria document on inorganic mercury 
c o m p o u n d s  [ 67 ].
(k) Orga n o t i n s
Tr i a l k y l  and triaryltin compounds are used as rodent 
repellants, molluscicides, fungicides, insecticides, and 
bactericides. Examples include t r i p h e n y l t i n  acetate,
b i s t r i b u t y l t i n  oxide, t r i c y c l o h e x y I t i n  hydroxide, and 
t r i p h enyltin hydroxide.
Adverse effects produced by o c c u pational e x p o s u r e  to 
p e s t i c i d e  p r o ducts cont a i n i n g  tri p h e n y l t i n  acetate incl u d e 
i r r i t a t i o n  of the skin, conju n c t i v a e ,  and respir a t o r y  tract, and 
liver damage. Signs and symptoms of poisoning by org a n o t i n 
c o m p o u n d s  include general malaise, violent headaches, nausea, 
vomiting, diarrhea, and e p i g a s t r i c  pains. These effects are 
d e s c r i b e d  in detail in NIOSH's c r i teria document for organotin 
c o m p o u n d s  [68].
(1) M i s c ellaneous P e s t i c i d e s
F u migants in common use include h alogenated compounds such 
as methyl bromide and s u l f u r y l  fluoride, cyanide co m p o u n d s  such
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as aeryl o n i t r i l e  and hydro g e n  cyanide, and a l u m i n u m  phosphide, a 
gen e r a t o r  of phosphine. They are all highly t o x i c  substances, 
e s p e c i a l l y  by inhalation. They are intended for fumigation where 
there should be no exposure to humans. The halogenated aliphatic 
f u migants include liver, kidney, cardiac, and CNS intoxicants. 
H y d r o g e n  cyanide is a rapidly acting poison which inhibits 
c y t o c h r o m e  oxidase, an enzyme necessary for the o x idative  
m e t a b o l i s m  of all cells [36]. NIOSH has recommended that
a c r y l o n i t r i l e  be handled in the workplace as a suspect hurrar
c a r c i n o g e n  [69] and the Occupational Safety and Health 
A d m i n i s t r a t i o n  (OSHA) has regulated a c r y l o n i t r i l e  as a 
carcinogen. This r e c o m m e n d a t i o n  was based on data from aniiral 
experi m e n t s  and on an e p i d emiologic study of workers h a n dling  
ac r v l c n i t r i l e  in a textile plant.
The coumarins and the indandiones are used as 
rodenticides. W a r farin is one of the best known coumarins [55]. 
T h e s e  s ubstances anta g o n i z e  the ac t i o n  of Vitamin K to promote 
the hepatic p r oduction of p rothrombin and s e v e r a l  other c l o tting 
f a c t c r s  [55,70].
Another rodenticide of interest is
1 - n i t r o p h e n y l - 3 ( 3 - pyridylme thyl)-urea (Vacor). Unlike the 
c o u m a r i n - i n d a n d i o n e  rodenticides, Vacor has no antic o a g u l a n t
a c t i o n  [36]; its exact m e c h a n i s m  of toxicity is unknown. Huiran 
p o i s o n i n g s  have occurred only after d eliberate ingestions, with 
varying symptoms depending on the dose and i n d i v i d u a l  
susceptibility. Ingestion is followed 4-48 hours later by 
nausea, vomiting, abdominal cramps, and mental confusion. These
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may be followed by aching and tremors of the extremities, 
p e r i p h e r a l  n europathy, muscular weakness, and anorexia. Late and 
pers i s t e n t  m a n i f e s t a t i o n s  of poisoning are postural h y p o t e n s i o n  
and diabetes melli t u s  [36],
The f l u o r o a c e t a t e s  are another type of rodenticide. Sodiuir 
f l u o r c a c e t a t e  is a powerful inhibitor of the tricarboxylic acid 
c y c l e  and produces death by interfering with the ope r a t i o n  of 
this important metabolic m e c h a n i s m  [36,55,71], By f o r m i n g
fluorocitrate, it c o m p etitively and tightly occupies the
rec e p t i v e  site of the enzyme a c onitase and thus blocks the
rem a i n d e r  of the t r i c a r b o x y l i c  acid cycle [72]. It may cause 
c a r d i a c  ventricular f i b r i l l a t i o n  or conv u l s i o n s ,  d e p ending in 
large part on the species to which it is introduced. Sodium 
f l u o r o a c e t a t e  is an extremely dangerous acute intoxicant.
H e rbicides such as the a c e t a n i l i d e s , acetam i d e s ,
c a r b a n i l a t e s , and a n i l i d e s  have recently been developed. These
herbi c i d e s  exhibit low systemic toxicity in l aboratory animals, 
but irritate the skin, eyes, and mucous membranes. P ropachlor
and alachlor appear to have s e n s i t i z i n g  properties; severe skin 
r e a c t i o n s  have occurred in sensitive individuals £36].
H uman Health Effe c t s
While the United States has escaped major incidents of irass
acute fatal poisoning, o ther c o u n t r i e s  h ave not [73]. Table
X IV-6 lists the major c ases of mass p o i s o n i n g s  e x p e r i e n c e d  
t h r o u g h o u t  the world that clearly show the potential for great 
t r a g e d y  when pest i c i d e s  are handled improperly. A variety of
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t o x i c  effects have been o b s erved in workers exposed to p e s t i c i d e s  
during their m a n u f a c t u r e  and formulation. Workers who have been 
a f f e c t e d  include formulators, mixers and loaders, c l e a n e r s  and
r e p a i r m e n  of pesticide handling machinery, w a r e h o u s e  workers, and
truck loaders. The recent cases of occupational poisonings by 
Kepone, leptophos, and DBCP in the United States clearly 
d emonstrate the variety of toxic effects that p e sticides can 
m a n i f e s t  and the need for good e n g i n e e r i n g  controls and work 
pra c t i c e s  during the prod u c t i o n  and f o r m u l a t i o n  of these 
pesticides.
In assessing how widespread this problem is in the 
workplace, the most reliable source of i n f o r mation c omes from
California. C a l i f o r n i a ’s State W o rkmen's C o m p e n s a t i o n  Law 
reguires the reporting of injuries from occu p a t i o n a l  exposures. 
Thi s  requirement has led to the development of a statewide data 
base indicating the kinds and s e v erity of injuries from pe s t i c i d e  
exposure. In 1973, a total of 1,451 cases of o c c u p a t i o n a l
d isease attributed to pesticides and a g r i c u l t u r a l  chemicals was 
reported in California [17]. Of these, 156 occurred in 
m a n u f a c t u r i n g  establishments. The breakdown of these c a s e s  ty 
class of compound, specific agent, and industry category is shown 
in Table XIV-7. There were 1,343 reported occu p a t i o n a l  ill n e s s e s  
r e s u l t i n g  from e x p o s u r e s  to pesticides in C a lifornia in 1975 
[74]. Of these, 546 were concluded to be systemic, 436 i n v olved  
s k i n  injuries, 314 i n v o l v e d  eye injuries, and 47 involved both 
the skin and the eyes. Fifty-four of the 1,343 cases involved  
pesticide m a n u f a c t u r i n g  and f o r m u lating workers [29]. Of these
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54 cases, 39 had systemic effects, 5 involved skin effects, 8 had 
eye changes, and 2 involved eye and skin injuries- The pesticide 
m e v i n p h o s  was r esponsible for 25 of the 39 s y s t e m i c  illnesses.
Other pesticides b e l ieved to have caused injuries include 
parathion, methomyl, penoxalin, chloropicrin, carbaryl, captafol, 
and rralathion.
While s t a t i s t i c a l  data on injuries and illnesses from
o c c u p ational e x p o s u r e s  to p e sticides are available from
California, simi l a r  data are not ava i l a b l e  on a national basis. 
Un a v a i l a b i l i t y  of these data has limited a t t empts to c h a r a c t e r i z e  
the potential danger of i n d i v i d u a l  pesticides and to identify 
those p e sticides w hich present a higher risk to workers due to 
t o x i c o l o g i c  p roperties and to ove r e x p o s u r e  b e c a u s e  of poor work 
p r a c t i c e s  and controls. Accordingly, NIOSH has p u blished a 
gui d e l i n e  for reporting o c c u p ational disease [75] which, if 
implemented, would provide better data on occupational health 
problems, i n c l u d i n g  those associated with pesticides, than are 
cur r e n t l y  available.
Much of the i nformation now available on the human 
to x icity of p e sticides c o m e s  from r e p o r t s  of accidental or 
suicidal exposures. They provide valuable a c c o u n t s  of the types 
of effects which result from pes t i c i d e  exposure. In a d d i t i o n  to 
c ase reports, some e p i d e m i o l o g i c  studies h ave been reported that 
prov i d e  information on the effects of c h r o n i c  exp o s u r e s  in 
workers handling pesticides. Review of case reports and 
e p i d e m i o l o g i c  studies reveals the variety of effects which are 
seen as a result of pes t i c i d e  exposure- Human exposures to
75
pe s t i c i d e s  e f f e c t e d  the skin, eyes, and nervous, reproductive, 
hepatic, renal, respiratory, hematopoietic, and c a r d iovascular 
systems. Moreover, a v ailable studies have implicated the 
ino r g a n i c  arsenical pesticides [48,50,76 ], benzene [77-80 ], 
a c r y l c n i t r i l e  [69,81], creosote [82], certain hexavalent chroiriuir 
s alts [83], and a m i trole [59] as human carcinogens. The 
f o llowing discu s s i o n  of human health effects is a r r anged 
a c c o r d i n g  to the different target organs.
(a) Neuro l o g i c  Effects
N e u r otoxicity is a well-documented toxic effect of 
p e s t i c i d e s  in humans, often in association with the OP, 
carbairate, and OC p e s t i c i d e s  [55]. Two m ajor incidents of 
occ u p a t i o n a l  n e u r o t o x i c i t y  a s sociated with p esticides involve the 
OC pesticide Kepone and OP pesticide leptophos.
Kepone is a c h l o r i n a t e d  h y d r o c a r b o n  insect i c i d e  used 
d o m e s t i c a l l y  as an ant and roach poison. It is related to the 
p e s t i c i d e s  mirex, DDT, aldrin, and dieldrin, all of which have 
b een restricted by the EPA. Kepone was produced in Hopewell, 
Virginia, in a converted garage which began operation in 1973; 
the plant produced only Kepone [34,84].
In July 1975, a Hopewell physician s u b m i t t e d  an empl o y e e ' s 
blood sairple fo r  a n a l y s i s  to the Center for Dise a s e  C o n t r o l  in 
Atlanta. The analy s i s  r e v e a l e d  a Kepone blood level of 7.5 ppir 
(CW Heath, Jr, written c o m munication, January 1976). 
Subsequently, w o r k e r s  at the Hopewell plant were d i scovered to 
have a variety of ailments which led to a detailed study and 
i n v e s t i g a t i o n  of 133 e m p l o y e e s  out of the total of 148 then
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curr e n t  and previous e m p l o y e e s  [34],
The work e r s  s u f f e r e d  complex n e u r o l o g i c  d i s orders 
c h a r a c t e r i z e d  by insidious onset of tremors, chest pains, weight 
loss, mental changes, arthralgia, s kin rash, opsoclonia, muscle 
weakness, loss of coordination, and slurred speech- S e v e n t y - s i x  
of the 133 (57%) had e x p e r i e n c e d  tremors following e x p o s u r e  to 
Kepone. The findings indicated that Kepone produces n e u r o l o g i c  
dis o r d e r s  involving the brain, the peripheral nerves and muscles, 
and the liver [34]. In a d d i t i o n  to the n e u r o l o g i c  findings, 
s perm counts showed cligospermia with no motile forms (CW Heath, 
Jr, written communication, January 1976). NCI has released the 
results of a study i n d i c a t i n g  that Kepone is carcinogenic in the 
m o u s e  and the rat [85].
The t e stimony and photographs submitted at the Senate 
Heari n g s  of April 21 , 1976 [84] show that not even rrinimal health 
s t a n d a r d s  were appl i e d  at the Hopewell plant. Kepone e x p o s u r e  
was not in the least controlled, and extremely poor h o u s e k e e p i n g  
pr a c t i c e s  existed at the plant. Consequently, workers were 
expo s e d  to the massive a m o u n t s  of Kepone that led to the r e p o r t e d 
intoxications.
A recent study [ 8 6 ]  has indicated that cholestyrairine 
s h o w s  promise as a d e t o x i f i c a t i o n  agent for workers e x p o s e d  to 
Kepone. In 22 K e p one-exposed workers a d m i n i s t e r e d  16 grams of 
c h o l e s t y r a m i n e  per day for 5 months, mean b l o o d  h a lf-life of 
kep o n e  was reduced from 165 to 80 day s  and the mean fat half-life  
was reduced from 125 to 64 days.
Another d r a matic example of occ u p a t i o n a l  p o isoning
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invol v e d  leptophos, an OP insecticide. Le p t o p h o s  was produ c e d  in 
T e x a s  for export until Janu a r y  1976. In June 1975, 12 c ases of 
s eri o u s  neur o l o g i c  d i sorders in employees were identified by a 
m e d i c a l  consultant to the manufacturer. These cases were not 
reported to NIOSH until September 1976 [87].
Following n o t i f i c a t i o n  of the n e u r o l o g i c  disorders in 
S e ptember 1976, NIOSH b egan a study in December 1976 of all 
p resent and former employees. NIOSH contacted the m a j o r i t y  of 
the 301 then current and former emp l o y e e s  and informed t h e m  of 
the availability of medi c a l  examinations. Between January and 
April 1977, 155 persons reported for c o m p r e h e n s i v e  exa m i n a t i o n s
that evaluated general p h y sical status, n e u r o l o g i c a l  status, ard 
m e a s u r e s  of ne u r o m u s c u l a r ,  ophthal m o l o g i c a l ,  psychological, and 
b i o c h emical function. A r e p r o d u c t i v e  history survey was also 
con ducted [41].
A s ubstantial number of t h o s e  examined had slight to 
serious neurologic, e l e c t r o m y o g r a p h i c  (EMG) , e l e c t r o n e u r o g r a p h i c  
(ENG), and p s y c h ologic perfor m a n c e  abnormalities. Many of those 
s tud i e d  showed s e nsation abnorm a l i t i e s  of the hands and feet. 
Results of the psychologic p erformance tests for those exposed, 
w hen compared with the results for une x p o s e d  controls, suggested 
an impairment of p s y c h o m o t o r  performance. A few of those studied 
showed s ignificant EMG abnormalities. Most of the a b n o r m a l i t i e s  
involved three muscles: the e x t e n s o r  d i g i t o r u m  brevis, abductor
hallucis, and gastrocnemius. Fifty- s e v e n  w o r k e r s  had a b n o r m a l  
ENG results. Out- o f - r a n g e  latency m e a s u rements for the sensory
n e r v e s  (median, ulnar, and sural) were found for 17, 13, and 7%
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of the participants, respectively. Of the 29 workers with 
a b n o r m a l  latency findings, 8 showed abnormal findings for both 
the median and u l n a r  nerves. The number of out-of-range values 
for mus c l e  ac t i o n  pote n t i a l s  and n e r v e  c o n d u c t i o n  velocities of 
m o t o r  nerves was grea t e r  than expected. Results from chest X-ray 
and blood and urine tests revealed no unusual findings. No 
s t a t i s t i c a l l y  significant d i f f e rences were found in the 
r e p r o d u c t i v e  history survey [41].
NIOSH medical o f f i c e r s  believe that the signs seen in these 
work e r s  are c o m p a t i b l e  with OP poisoning, even though a number of 
o ther c h e m i c a l s  were used in the m a n u f a c t u r e  of l e p tophos 
i n c l u d i n g  toluene, a suspected neuro t o x i c  solvent. Also, during 
the period of 1971-75, the plant also m a n u f a c t u r e d  a resin called  
Klyrvel which reguired use of n-hexane, a solvent that has been 
a s s o c i a t e d  with severe n e u r o l o g i c  disorders [*+1 ]• NIOSH 
con c l u d e d  that the health of the workers i n v olved was a d versely 
af f e c t e d  by c o n d i t i o n s  that could have been prevented by more 
care f u l  m e d i c a l  surveillance, work practices, and e n g i n e e r i n g  
controls.
T h e  i n c i d e n t s  with Kepone and leptophos directed n a t i o n a l  
att e n t i o n  to the hazards of pesticide e x p o s u r e  in m a n u f a c t u r i n g  
and formulating workplaces, and to the problem of o c c u p a t i o n a l  
neurotoxicity. The l i t e r a t u r e  reveals man y  other reports of 
n e u r o t o x i c  effe c t s  by pesticides, and some of these reports are 
p r e s e n t e d  in the following paragraphs, according to c h e m i c a l  
composit ion.
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The n e u r o l o g i c  effects res u l t i n g  from exposure to OP 
ins e c t i c i d e s  can be c l a s s i f i e d  as effects either directly related 
to ChE i nhibition or delayed neurotoxic actions.
(A) C h o l i n e s t e r a s e - M e d i a t e d  Effects
Most OP poiso n i n q s  involve effects that are 
directly related to ChE inhibition. The m e c h a n i s m  of t o x icity 
involves the inhibition of AChE at cholinergic nerve s y n apses  
with resulting a c c u m u l a t i o n  of a c e t y l c h o l i n e  at these sites. 
T his leads initially to junctional transmission and later to 
i n h i b i t i o n  of synaptic t r a n s m i s s i o n  as the postjun c t i o n a l  
me m b r a n e  develops a state of persistent d e p o l a r i z a t i o n  [37]. A 
mor e  detailed discussion of the m e c h a n i s m  of ChE inhibition is 
p r o vided in the NIOSH crite r i a  documents and . r ecommended 
s t a n d a r d s  for the CP insecticides m a lathion [88], parathion [89]. 
and methyl par a t h i o n  [90].
Most p o i s o n i n g s  involving ChE inhibition result from acute 
exposures. Due to their rapid m e t a b o l i s m  and e x cretion, 
a ccu m u l a t i o n  of OP i n s e c ticides in the body does not occur [55]. 
S mall repeated exposures, however, can result in p r o g r e s s i v e  
i n h i b i t i o n  of ChE which, if it continues, can reach a level at 
which signs and symptoms will occur similar to those produced by 
a single high dose. The m a n i f e s t a t i o n s  o f  poisoning resulting 
from a ccumulated a c e t ylcholine in nerve tissue and e f f ector 
o r g a n s  can be c l a s s i f i e d  as muscarinic, nicotinic, and CNS 
effects. M u s c a r i n i c  effects involve smooth muscle, the heart, 
and exocrine glands. They include r e s p i r a t o r y  tightness, 
sweating, nausea, vomiting, abdominal cramps, and pupil
(1) O r g a n o p h o s p h o r u s  Insecticides
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c o n s t r i c t i o n  (miosis). The nicotinic effects involve m u s c u l a r  
fatigue and weakness, twitching, f a s c i c u l a t i o n s , and cramps. The 
CNS effects include tension, anxiety, headache, e m o t i o n a l  
instability, confusion, ataxia, slurred speech, convulsions, ard 
re s p i ratory and c i r c u latory d e p r e s s i o n  [55,371.
The onset of these systemic effects varies with the
compound, the route, and the degree of exposure. According to
Vale and Scott [37], the i n t erval between exposure and symptoms 
may be as short as a few minutes, is usually less than 12 hours,
and rarely exce e d s  24 hours. In most cases, unless e x p o s u r e
causes death, n e u r o l o g i c  effects dependent upon inhib i t i o n  of 
C hE's are reversible. Local and less severe e f f e c t s  usually last 
less than a day. Miosis o ften disa p p e a r s  in less than a week, 
and most other symptoms diminish over the n e x t  6 to 18 days [91].
Dia g n o s i s  of OP poisoning is usually based upon 
s y m p t o m a t o l o g y  and b lood ChE levels [92]. A l t h o u g h  s y m p t o m s  are 
not directly related to blood enzyme activities, the activity of 
the enzymes in the blood usually provides a rough a p p r o x i m a t i o n  
of the activity in the n e r v o u s  system [92,93]. Measurements of 
bl o o d  Ch E  levels are the r e f o r e  a useful i n d i c a t i o n  of the extent 
of poisoning. The following case studies present a n  overview of 
the signs and symptoms seen in OP acute poisonings.
Vale and Scott [37] reported an OP pesticide p o isoning in 
a 51-year-old female formulation worker. The woman was exposed 
to demeto n - S - m e t h y l  while r e p a c k a g i n g  it in a poorly v e n t i l a t e d  
room. She first noticed that her pupils were very small, while 
c o m b i n g  her hair during the af t e r n o o n  break. Within a few
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m i n u t e s  she had a violent ab d o m i n a l  cramp, vomited, sweated 
profusely, dev e l o p e d  severe diarrhea, and fainted. The woman was 
h o s p i t a l i z e d  and developed charact e r i s t i c  n i c otinic twitching of 
abd o m i n a l  and limb muscles. Following t r eatment with a t r o p i n e  
and diazepam, her c o ndition improved and her EBC ChE a c t i v i t y  
returned to its preexposure level within 10 weeks.
Grigorowa [94] i n v e s tigated p o i s o n i n g s  in a German plant 
pro d u c i n g  me t h y l  parathion. The first series of examinations, in 
Fe b ruary of 1959, involved 47 workers. Of the 47 studied, 18 
(39.3%) r e p o r t e d  irild symptoms, including lack of appetite, 
gastric distress, visual disturbances, sleeplessness, fatigue, 
nervousness, and slight headaches. Severity of the symptoms did 
not appear to be rela t e d  to length of employ m e n t ,  which ranged 
from a few m o n t h s  to 6 years. Although plasma ChE activity was 
a p parently measured, no values were reported. The following  
July, 35 workers were examined and 29 reported more severe 
symptoms than those r e p o r t e d  in February. The author stated that 
signs and symptoms indic a t i v e  of CNS involvement were freguent 
and included h eadaches, dizziness, nausea, insomnia, fatigue, 
visual disturbances, i n creased perspiration, shooting pains in 
the heart, loss of appetite, vomiting, stomach pains, fibrillar 
m u s c u l a r  twi t c h i n g  of the eyelids, and n u m b n e s s  of the legs, 
arms, or fingers. Time of onset for these s p e cific symptoms was 
not provided. Of the 29 s ymptomatic workers, 27 had plasma ChE 
a c t i v i t i e s  that showed activity inhibition of 11-68.4% c o m p a r e d  
with the F e b r u a r y  measurements. In 21 work e r s  this inhib i t i o n  
was greater than 30%. It is not clear from the article whether
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all cf the 35 work e r s  examined in July were m e m b e r s  of the group 
of 47 workers e x a m i n e d  in February.
The author included a brief description of two cases of 
po i s o n i n g  seen in the plant during the summer of 1959- One case 
i n v olved a 48-year-old worker with 5 years* work experience. The 
m a n  developed a headache a n d  became weak and dizzy while fill i n g 
b a g s  with m e t h y l  parathion dust. He lost c o n s c i o u s n e s s  for a few 
m i n u t e s  at home after work. Ide n t i c a l  symptoms recurred when 
work was resumed. He reported that his left hand had been numb 
for a few days, that his right hand had little feeling, and that 
he had e x p e r i e n c e d  f r e quent twitching of the eyelids. When 
examined in February, he had complained of insomnia. When 
m e a s u r e d  in the summer, plasma ChE activity was 64.4% of the 
F e b ruary value.
Another case i n v o l v e d  a 27-year-old worker with 1 year's 
experience. He had no complaints during the F e b r u a r y  
examination, bu t  when examined in July, he c o m p l a i n e d  of severe  
headaches, loss of appetite, nausea, watering of the eyes, and 
insomnia. For 8 weeks, he had e xperienced arm and leg numbness 
with arm i m pairment sometimes involving only two or three 
fingers. In the July examination, his plasma ChE a c t i v i t y  was 
6 0 . 2 %  of the February value.
Petty [ 9 5 ]  reported two cases of OP in s e c t i c i d e  poisoning. 
The first involved an employee of an agricultural e x p e r i m e n t  
s t a t i o n  who p a r t i cipated for three spring seasons in spray i n g  
trees and plants with various pesticides, including parathicrj, 
EPN, DDT, dieldrin, and lead arsenate. He did not handle
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p e s t i c i d e s  du r i n g  the fall and winter months. The first two 
springs the patient experi e n c e d  symptoms of nausea, cramping, 
aches, and pains w hich decreased during the fall and winter. 
During the third spring he noted symptoms similar to those he 
e x p e r i e n c e d  previ o u s l y  along with nervousness, and difficulty in 
balancing. E ventually he was found unconscious and was 
h o s p italized, where he was weak, lacked sensation in the hands 
and feet, and had paresthesias of the extremities. Plasma ard 
RBC ChE's were 34 and 37% of normal, respectively. Although  
blood ChE a c t i v i t i e s  returned to normal, his symptoms per s i s t e d  
with varying severity during the next 2 years.
The second case involved a p h y sician who appl i e d  
i nse c t i c i d e s  to his lawn and sh r u b b e r y  every Sunday. Initially 
he used DDT and other insecticides, but later used m a l a t h i o n  
exclusively. He sprayed a 6% mal a t h i o n  solution with a garden 
hose attachment and was often thoro u g h l y  soaked with spray after 
the application. After several mo n t h s  of such spraying, he was 
tired, i r r i t a b l e  and e x p e r i e n c e d  pare s t h e s i a s  of the face ard 
o r a l  cavity. The next spring, soon after applying a 50% 
m a l a t h i o n  s o l ution to plants in his yard and living rooir, he 
ex p e r i e n c e d  m a r k e d  weakness, tremors, and headaches. He 
c o l l a p s e d  and was hospitalized. During his hospital stay he 
improved, but facial sensation was still decreased, gait was 
unsteady, and m u s c l e s  were weak. The f o l lowing year the patient 
was still e x p e r i e n c i n g  marked muscle weakness, fatigue, and loss 
of appetite.
Eoth i n d i v i d u a l s  included in this s tudy had r e p e a t e d
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e x p o s u r e s  to various pesticides. Although d epression of blood 
ChE levels was measured in the first man, no such evidence was 
a v a i l a b l e  for the other individual. The author does ment i o n  that 
t h e r e  may be no r e l a t i o n s h i p  between the OP exposure and the 
p eripheral or cranial n e r v e  damage.
Low doses of OP i n s e c ticides are thought to depress ChE 
a c t i v i t y  without causing the symptoms of acute poisoning [93]. 
In such asy m p t o m a t i c  individuals, d e t e r m i n a t i o n  of s u b c l i n i c a l 
a lterations was m a d e  by m easurement of blood ChE's, by 
e l e c t r o m y o g r a p h y ,  and by electroen c e p h a l o g r a p h y .
The l i t e r a t u r e  reveals differing o p i n i o n s  on the most 
s e n s i t i v e  m eans for d e t e r mining the effe c t s  of s u b c l i n i c a l 
e x p o s u r e  to p e sticides [ 96,97 ]. In a study of 36 workers exposed 
to OC and OP pesti c i d e s  at a Dutch c h e m i c a l  company [96], 16 
workers were t e s t e d  and found to have an a b n o r m a l  electromyogram. 
T h e s e  EMG r e s p o n s e s  were guant i f i e d  by m e a s u r i n g  the m a x i m a l  
v olt a g e  of the muscle action p o tentials elicited by o p t i m a l 
s t i m u l a t i o n  of the m otor n e r v e  to the a d d u c t o r  pollicis mu s c l e  in 
the forearm. Abnormal EMG responses were o f t e n  observed, 
a l t h o u g h  blood ChE a c t ivity levels were normal. This was 
o b s e r v e d  o ften in workers whose primary exposure was to OP and 
c a r b a m a t e  c o m p o u n d s  and rarely in workers who m a i n l y  hand l e d  CC 
pesticides. The authors stated that m e a s u r e m e n t s  of blood ChE 
levels can be m i s l e a d i n g  in d e t e r m i n a t i o n  of o v e r e x p o s u r e  to many 
c o mpounds, e s p e c i a l l y  when the exposure is of a chronic nature. 
T h e y  s u ggested o b s e r v a t i o n  of s u bjective symptoms, such as 
h eadache and nausea, or EMG recording, as p r eferred i n d i c e s  of
ove r e x p o s u r e  in p e sticide workers.
Jager et al [97] also used EMG's to study workers e n g a g e d  
in the m a n u f a c t u r e  and f o r m u l a t i o n  of OP and OC pesticides. The 
OP ccirpounds i n v olved were dimethyl v i n y l p h o s p h a t e s ; the CC 
c o m p o u n d s  were unspecified. EMG and whole b l o o d  ChE a c t i v i t y  
were ireasured. Of the 36 workers exposed to OP pesticides, 17 
had abnormal EMG r e a dings c o m p a r e d  with only 1 a b n o r m a l  EMG 
reading in 28 workers exposed only to OC pesticides. The 
a b n ormal EMG's of pe s t i c i d e  workers were simi l a r  to the EMG's of 
the patients with m y a s t h e n i a  gravis, a c o n d i t i o n  c h a r a c t e r i z e d  ky 
m u s c l e  weakness and fatigability. The d i fference between the EMG 
p a t terns of healthy i n d i v i d u a l s  and m y a s t h e n i c  patients is that 
the action p o t ential spikes in a t rain have about the same 
a m p l i t u d e s  in normal subjects, whereas in m y a s t h e n i c  patients the 
a c t i o n  p o t ential spikes, a fter the first d i s c h a r g e  in a train, 
d e c rease in volt a g e  progressively and rapidly. In pes t i c i d e  
workers, signs of p rogressive impairment of EMG appea r e d  over a 
workweek and then d i s a p p e a r e d  over the weekend. The r e s e a r c h e r s  
did not find, however, a c o r r e l a t i o n  between abnormal EMG 
readi n g s  and d e p r e s s i o n  of the activity of C hE's in whole blood.
Other means have been employed to detect effects of OP 
p e s t i c i d e  exposure. Rayner et al [98] suggested that 
hyp o r e f l e x i a  may be a sen s i t i v e  indicator of c h r o n i c  OP pesticide 
exposure. T hey studied Japanese orchid farmers selec t e d  on the 
basis of high OP usage. They were also exposed to fungicides and 
OC's. The force of the Achilles tendon reflex was m e a s u r e d  
o b j e c t i v e l y  with a m a c h i n e  designed for that purpose and showed a
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d e p r e s s i o n  of the reflex as compared with c o n t r o l s  (P=0.001) and 
c o n f i r m e d  p r e l i minary obse r v a t i o n s  of h y p o r eflexia in the expo s e d  
a g r i c u l t u r a l  workers. At the present time no c o m p l e t e l y  
s a t i s f a c t o r y  c r i teria exist for d etermining the s i g n i f i c a n c e  of 
sl i g h t  a lterations in brain e l e c t r i c a l  activity, as d etermined by 
e l e c t r o e n c e p h a l o g r a p h y ,  or in n e u r o m u s c u l a r  function, as 
deteririned by electromyography, on th e  health of exposed workers.
(B) Delayed N eurotoxic Effects
Delayed n e u r o t o x i c  e f f e c t s  have also been 
at t r i b u t e d  to the OP insecticides. While s u b s t a n t i a l  data are 
a v a i l a b l e  on delayed neur o t o x i c  effects in e x p e r i m e n t a l  aniirals 
from exposure to pesticides [99-101], few human cases have been 
reported. It has been suggested that delayed n e u r o t o x i c i t y  is 
the result of some action other than ChE inhibition, such as axon 
d e g e n e r a t i o n  followed by d e m y elination of tracts in the spinal 
c or d  or of p eripheral nerves [39]. Demyelina tion was the 
probable e x p l a n a t i o n  for the paralyses seen in "Ginger J a k e ” 
p o isoning caused by t r i - o - c r e s y l p h o s p h a t e  (TOCP) [ 39, 102 ]. Such 
e ffe c t s  have been reported also for the OP pesticides, mipafox
[ 4 0 ]  and l e ptophos [41].
Bidstrup et al [ 4 0 ]  r e p o r t e d  three cases of d e l a y e d 
par a l y s i s  in research c h e m i s t s  involved in the production of 
mipafox. T hese individuals had previously experi e n c e d  syirptoFS 
of mild poisoning while exposed to other OP compounds. In the 
first case, the initial signs and symptoms were vomiting, 
m u s c u l a r  weakness, and eye problems. Following treatment for her 
acute poisoning, the patient was released. Three weeks later the
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patient was r e h o s p i t a l i z e d  with flaccid paralysis of both legs. 
The muscles of the right hand were also weakened, and paralysis 
progressed over the next few weeks. During this time, blood ChE 
activity levels were greatly reduced. Cranial nerves were 
normal. EMG studies showed reduced int e r f e r e n c e  patterns. All 
muscles were tender, and twitchings of leg and face musc l e s  
occurred. The patient's co n d i t i o n  improved slowly, although leg 
m u s c l e s  below the knee remained paralyzed. Six months later the 
patient was still in a wheelchair, although toe and ankle 
m o v e m e n t s  were increasing. Nine months after initial exposure to 
mipafcx, EMG's showed e v i d e n c e  of a lower motor neuron lesion. 
This patient was able to leave the hospital after about 2 years, 
but still has, some 26 years after the incident, weak leg m u s c l e s 
so that walkinq is difficult and must be a s s i s t e d  by a cane or 
other supporting device (JH Wills, written communication, Kay 
1 978) .
A coworker of case one initially e x p e r i e n c e d  r e s p i r a t o r y  
d i f f i c u l t i e s  and ey e  irritation. A week and a half later the 
patient ex p e r i e n c e d  weakness and loss of ton e  in the m u s c l e s  of 
both lower limbs, p a r t i c u l a r l y  below the knee. An EMG showed a 
redu c e d  interference pattern but no sign of lower-motor neuron 
degeneration. The patient's condition improved gradually, but 
after discharge, he had b i lateral foot drop, which was more 
p r onounced on the right side. Six months later the patient still 
e x p e r ienced tiredness, and after walking 200-300 yards, his foot 
became "floppy."
The third affected worker was muc h  less severely poisoned
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than the other two and never required hospitalization. The 
a uth o r s  [40] believed that in the two most severely a f f e c t e d  
cases, prolonged failure of impulse t r a n s m i s s i o n  at the motor 
e n d - p l a t e  initially c o n t r i b u t e d  to the paralysis. However, 
s u b s e q u e n t  EHG's in case one were i n d i c a t i v e  cf p eripheral  
n e u r i t i s  with no e v i d e n c e  of n e u r o m u s c u l a r  block. For that 
reason the authors felt that d e m y e l i n a t i o n  was the most likely 
c a u s e  of the p e rsistent symptoms.
(2) C a r b a m a t e s
The c a r b a m a t e  i n s e c ticides are also ChE inhib i t o r s  
[ 17 ] and the s y m p t o m a t o l o g y  in affected humans is similar to that 
pr o duced by O P  insecticides. However, inhib i t i o n  of C hE's ty 
c a r b a m a t e s  is readily rever s i b l e  [17].
Cases involving m e t h o m y l  include a mil l  operator and two 
la b orers in a m e t h o m y l  formulating plant who experi e n c e d  e p i s o d e s  
of acute intoxication within a 2-week e x p osure period. A foreman  
in another f o r m u l a t i n g  plant reported being nauseated, dizzy, and 
feeling "drunk" after working with methomyl. In another case, a 
17-year-old farm laborer who applied methomyl to an orange grove 
be c a m e  ill shortly after work, lost consciousness, and was 
hosp i t a l i z e d  for 1 day. The adve r s e  effe c t s  associated with 
m e t h o m y l  included nausea, vomiting, dizziness, weakness, and 
re s p i r a t o r y  a b n o r m a l i t i e s  [ 17].
A case of poisoning by aldic a r b  involved the foreman of a 
m a n u f a c t u r i n g  plant who ran a m e c h a n i c a l  bagging machine for 1 
day. Several hours after exposure, the fore m a n  e x p e r i e n c e d  
nausea, dizziness, depression, weakness, and t i g h t e n i n g  of chest
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muscles. EBC ChE was inhibited to 43% of normal. Three hours 
a fter the initial ChE measurement, the HBC ChE level was again 
m e a s u r e d  and showed recovery; however, the individual still 
c o m p l a i n e d  of tightness of f he chest. By the next day he had 
recovered, and r e t urned to work [1)3].
Tobin [104] reported on the a n t i - c h o l i n e s t e r a s e  effects 
following e x p o s u r e  to carbofuran. A survey of work e r s  in a 
carfcofuran m a n u f a c t u r i n g  p l a n t  r e v e a l e d  the following symptoirs ir. 
decr e a s i n g  freguency: vague feelings of malaise, e x c e s s i v e
sweating, l i g h t h e adedness, nausea, blurring of vision, 
h y p e r s a livation, and vomiting. No one reported chest tightness, 
m u s c u l a r  twitching, convulsion, or loss of consciousness. The 
au t h o r  included two case studies which involved f o r m u l a t i o n  
W o r k e r s  who used a power c o n c r e t e  mixer to prep a r e  a 10% g r a n u l a r  
product of c a r b o f u r a n  and complained of profuse perspiration, 
weakness, nausea, and blurred vision. One worker c o m p l e t e l y  
r e c overed 2 hours after exposure ceased, the other felt weak and 
n a u s e a t e d  1 hour after exposure ceased but r e q uired no treatment.
A study of possible effects on CNS function after 
s u b c h r o n i c  exposure to the insecticide c a r b a r y l  was performed by 
Hills et al [105], For this study, male v o l u n t e e r s  b e t w e e n  25 
and 57 years of age were s e l e c t e d  from inmates of a New York 
State prison. The carbaryl was a d m i nistered orally in gelatin 
capsules. Dose regimens included: no dose, 0.06 m g / kg/day
carbaryl for 6 weeks, and 0.12 mg/kg/day carbaryl also for 6 
weeks. Indica t i o n s  of possible c a r b a r y l - r e l a t e d  subj e c t i v e  
n e u r o l o g i c  effects were found in interviews of the s u b j e c t s
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during and after the 6-week period of the study. Desp i t e  the 
apparent d o s e - r e l a t e d n e s s  of these neuro l o g i c  symptoms, no 
decrease in blood ChE activity levels was seen except for a very 
slight depr e s s i o n  observed in one i n dividual in the low-dose 
group on day 3 of the test. Most of the subjective s y m ptoms  
reported by the high-dose group did not appear until the 4th or 
6th week of the study.
(3) O r g a n o c h l o r i n e  Pesticides
While n e u r o t o x i c  effects of OP and c a r b a m a t e  
p e s t i c i d e s  are fairly well documented, less information is 
a v a i l a b l e  for other p e s ticide classes. In a d d i t i o n  to Kepone, 
other OC pesticides have been assoc i a t e d  with human n e u r o t o x i c i t y  
[ 32, 32, 106-1 10 ]. Although the precise m e c h a n i s m  of their 
n e u r o t o x i c i t y  is unknown, the action of OC p e s t i c i d e s  does differ 
fr o m  that of the OP and c a rbamate compounds [55].
K a zantzis et al [ 1 0 6 ]  r e p orted on a formulating plant 
worker who dev e l o p e d  e p i l e p t i f o r m  c o n v u l s i o n s  after a short 
per i o d  of h eavy exposure to aldrin. The ma n  had b e e n  working 
wit h  aldrin for little more than a week. His job was to
t r a n s p o r t  paper bags of ald r i n  and fuller's earth (an inert
filler), open the bags, and then empty them by hand into a
m e c h a n i c a l  mixer. He had to lean o ver into the exhaust hood of 
the mixer to do this. He wore o v e ralls and a cotton wool pad as 
a mask. He had two c o n v u l s i v e  attacks with loss of 
consciousness. Analysis indicated a high body fat c o n c e n t r a t i o n  
of dieldrin, the p r i ncipal m e t a b o l i t e  of aldrin. 
E l e c t r o e n c e p h a l o g r a m s  (EEG's) sh o w e d  irregular alpha rhythrrs.
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Later, nine fellow workers were also examined. Two of these nine 
w o r k e r s  d e scribed symptoms ch a r a c t e r i s t i c  of ald r i n  poisoning. 
The two m e n  worked on the microni^er and both e x p e r i e n c e d  
in v o l u n t a r y  jerking of the limbs, irritability, and vomiting. 
E E G ’s r e v e a l e d  irregular alpha rhythms. I m p r o vement was seer, in 
both men following c e s s a t i o n  of exposure. One of these men 
re t urned to work and sub s e g u e n t l y  experienced several attacks of 
u n consciousness. Elood and fat analyses showed high dieldrin 
content. Another worker, who was not among these p reviously 
examined, also lost c o n s c i o u s n e s s  and convulsed while working 
with the 50% a l d r i n  mixture. An EEG c o n tained abnor m a l i t i e s 
simi l a r  to those of the other three men with aldrin intoxication.
Nelson [107] r e p orted c o n v u l s i o n s  in 3 of 35 workers exposed 
to 25% aldrin concentrate. The workers also c o mplained of 
nausea, vomiting, vertigo, loss of weight, malaise, and headache; 
recovery in all cases was complete.
Bell [ 1 0 8 ]  reported the case of a man o verexposed to aldrin 
while re p a c k a g i n g  5-pound bags of the substance. V e n t i l a t i o n  
du r i n g  this work was poor, and no attempt was made to prevent 
s k i n  contamination. On the e v e n i n g  of the 2nd day of work i n g  
under these c o n d i t i o n s  he had a convu l s i v e  seizure. An EEG 
e x a m i n a t i o n  revealed abnormalities, and a biopsy of fat 2 weeks 
later revealed 40 ppm dieldrin; the patient r e covered fully.
Avar and C z e g l e d i - J a n k o  [ 109] studied 15 men expo s e d  to 
aldrir. in a fertilizer plant for varying periods of up to 5 
years. The men were examined during the last month of their 
exposure. In three men with poisoning symptoms, EEG's contained
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chan g e s  typical of c o nvulsive states, and all had had c o n v u l s i v e  
fits. Blood d i e l d r i n  co n c e n t r a t i o n s  for these three i ndividuals 
ra n g e d  between 0.3 to 3.19 ppm. Seven months after the last 
k nown exposure, both EEG findings and d i e ldrin c o n c e n t r a t i o n  
returned to b a ckground level, and c l i n i c a l  symptoms ceased. In 
ot h e r s  examined during the last month of exposure, signs and 
symptoms of poisoning were present when the c o n c e n t r a t i o n  of 
b l o o d  dieldrin was greater t han 0.10 ppm and were absent when it 
was less than 0.05 ppm.
H o o g e n d a m  et al [32,33] reported on a 9-year health survey 
of 300 workers in plants m a n u f a c t u r i n g  OC pesticides. The 
p e s t i c i d e s  i n v olved were aldrin, dieldrin, and endrin. Although 
du r i n q  that period no f a talities or permanent injuries were 
found, 17 of the workers ex p e r i e n c e d  convu l s i v e  intoxications. 
Of these, 5 had more than one convulsion, and 2 had more than one 
c o n v u l s i o n  on a single day. In several of the cases, c o n v u l s i o n s  
were preceded by myo c l o n i c  jerks [32], but usually with o u t  any 
p r o d r o m a l  symptoms. Specific EEG anomalies including b i lateral 
sy n c h r o n o u s  spike and wave com p l e x e s  thought to be a s s o c i a t e d  
with alterations in brain s t e m  function were observed [33], 
C l i n i c a l  and n e u r o l o g i c  r e c overy after removal from e x p o s u r e  was 
rapid and complete in all cases.
Derbes et al [110] r e p o r t e d  the case of a 2 3 - year-old woman 
with 2 years' expe r i e n c e  working in a pesticide factory who 
spilled an unknown amount of a s u s p e n s i o n  c o n t a i n i n g  25% 
chlordane, 26% DDT, 39% Velsicol AR 50, and 10% triton-X on the 
front of her clothing. Forty minutes later she became c o n fused
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and rather s u d d e n l y  b e g a n  having g e n e r alized seizures. She died 
in the ambulance on the way to a d o c t o r ’s office sugg e s t i n g  
m a s s i v e  exposure. Autopsy revealed n o n s p e c i f i c  patho l o g i c  
c h a n g e s  in the brain, lungs, and kidneys.
(4) Other Pesticides
Neuro l o g i c  e f f e c t s  have been reported following 
e x p o s u r e  to a variety of other p e sticides including met h y l  
broiride [111,112], 2,4,5-T [53], m o n o s o d i u m  acid methane a r s e n a t e
[113], o r g a n o m e r c u r y  c o m p o u n d s  [114], and diphenyl [115]. 
G r e e n b e r g  [111] o b s e r v e d  CNS damage in a worker who had been 
expo s e d  to m e t h y l  b r o m i d e  while fumigating c o c o a  beans. The 
w o r k e r  first lost and then regained the ability to walk. Two 
m o n t h s  later, however, he s-uffered a r ecurrence of toxic 
m a n i f e s t a t i o n s  with violent seizures and alte r e d  brain e l e c t r i c a l  
condu c t i v i t y ,  as shown by e l e c t r o e n c e p h a l o g r a p h y .  Three years 
later the EEG pattern had improved, but t here was still some lack 
of iruscular coordination, and i n t e lligence and personality tests 
showed that he was at the b orderline of mental retardation. He 
appea r e d  to have s u f f e r e d  mild to moder a t e  permanent train 
d a m a g e .
Hine [112] reviewed 10 cases of methyl bromide poisoning, 
5 of which are discussed below. The review included three case 
reports of fatal poisoning. The first involved a worker who ate 
his lunch in an area a d j acent to a boxcar full of rice which had 
been fumigated with methyl bromide the night before. That 
e v e n i n g  he d e veloped sudden t o n i c - c l o n i c  seizures and lost 
consciousness. His wife drove him to the emergency room of a
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hospital where he was given r e s u scitative measures. Upon
e x a m i n a t i o n  he showed tremors, f a s c i c u l a t i o n  of the m u s cles,
cyanosis, and i r regular gasping respirations. He died 20 minu t e s  
a f t e r  the initial seizure. The second case i n v olved a man who 
had fumigated almonds on the night prior to becoming ill. Four 
hours after leaving work he e x p e r ienced d i f f i c u l t y  in breathing, 
chest pain, chills, and exc e s s i v e  sweating. He was d i s c o v e r e d  
later unde r g o i n g  toni c - c l o n i c  c onvulsions and did not regain 
co n s c i o u s n e s s  before death.
P o i soning was also s e e n  in a man who worked up to 10 
h o u r s / d a y  sacking rice, hauling it out of box cars, and piling it 
in a warehouse. He was unaware that the rice had been fumigated
with irethyl brom i d e  in the car. He became ill on day 4 and his
init i a l  signs and symptoms included a cough and a sore chest. 
Six days later he had general m u s cular discomfort, mild 
d i s o r i e ntation, and d i f f i c u l t y  in breathing. He was hospitalized 
and later died.
Hine [112] also reviewed two cases of nonfatal met h y l  
br o m i d e  poisoning. One case involved a woman employed on an 
al m o n d - s o r t i n g  belt for 2 months. F u m i g a t i o n  was done in a 
w a r e h o u s e  50 feet from her work station. The door to the 
w a r e h c s e  was open a l l o w i n g  the fumigant to drift down the 
c o n veyor belt. No fumigation had been done 48 hours prior to the 
pe r i o d  of her first reported illness. Her first symptoms were 
co o l n e s s  of the chest and burn i n g  of the nose and throat. A 
se c o n d  e x p o s u r e  occurred the following night after she had been 
at work 2 hours. She became ill and was unable to move her arms.
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The next day she was confused, had headaches, nausea, and loss of 
leg ccntrol. She was hos p i t a l i z e d  and began to hallucinate. Six 
m o n t h s  later she still had hallucinations, headaches, liirb
discomfort, and general body soreness. L a b o r a t o r y  e x a m i n a t i o n  
s h o w e d  persistent l eukopenia and a m o d e r a t e l y  abnormal EKG. 
T h i r t y  months after the initial symptoms, the patient was still
not at work due to malaise, decreased r e a ction time, muscle
pains, and depression.
Another man became ill within 1 week after he had cleaned 
dead worms out of a series of rooms that had been fumigated with 
m e t h y l  bromide 10 days earlier. The five rooms cleaned were 100 
sg ft in size with small doors, no windows, and no permanent 
e xha u s t  systems; however, air hoses had been rigged in an attempt 
to remove vapors. He worked inside the rooms about half a day 
for 4 days, did not wear a mask while working, and was not
advi s e d  of the hazard. Th e  m a n ’s first symp t o m  was extreme 
nausea. He was t a k e n  to a hospital, where he lost c o n s c i o u s n e s s  
for 4 hours. After regaining consciousness, his s y m ptoms 
i n c l u d e d  nausea, weakness, numbness, dizziness, paranoia, and 
d i s o r i e n t a t i o n  which persisted for 24 hours. No o b jective 
e v i dence of n e u r o l o g i c  disease was found.
Other n e u r o t o x i n s  associated with pesticides are the 
c h l o r i n a t e d  d i b e n z o d i o x i n s  (especially 2 , 3 , 7 , 8 - tetrachloro- 
d i b e n z o - p - d i o x i n ,  TCDD) tha t  c ontaminate several pesticides, 
including the h e rbicide 2 , 4 , 5 - t r i c h l o r o p h e n o x y a c e t i c  acid 
(2,4,5-T), the wood p r e s e r v a t i v e  p e n t a c h l o r o p h e n o l  (PCP) , and the 
b a c t e r i c i d e  hexachlorophene. Jirasek et al [53] r e p o r t e d
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T C D D - r e l a t e d  n e u r o p a t h y  among factory workers in C z e c h o s l o v a k i a  
pro d u c i n g  2,4,5-T and PCP. The majority of 55 workers suffered 
what were stated to be severe n e u r a s t h e n i a  and depressive 
syndrcme. In 17 subjects, signs of p e r i p h e r a l  n e u r o pathy,
e s p e c i a l l y  in the lower extremities, were c o n firmed by 
e l e c t r o m y o g r a p h i c  examinations.
De Palma [113] cited t hree cases of arsine i n t o x ication in
a c h e m i c a l  plant w here m o n o s o d i u m  acid m e t h a n e  arsenate (MSD3A)
was being produced. Two of the cases a p p a r e n t l y  involving the
n e r v o u s  system are described below. During the react i o n  of
m e t h y l  chloride with sodium arsenite, a paddle became d e t a c h e d  in
the vat and the o p e r a t i o n  was stopped before c ompletion of the
reaction. The tank was drained, but a solid residue remained on
the vat floor. An aluminum ladder was used to descend into the
tank. The first man e n t e r e d  the tank without a m a s k  or
r e s p i r a t o r  to assess the damage. After a mi n u t e  or two, he
n o t i c e d  b u b b l i n g  at the foot of the ladder and bent over to get a
closer look. He felt a sudden chill and left the vat. He soon
e x p e r ienced a burning s e n s a t i o n  in his feet, which later i n v o l v e d
his whole body. He then experi e n c e d  nausea, vomiting, and
abdoiiinal pains. He was anuric, irritable, confused, and
a g i t a t e d  when finally hospitalized. He was released after 54
d ay s  with pain, numbness, burning and h y p o e s t h e s i a  of his feet,
a nkle and leg weakness, and o c c a s i o n a l  finger numbness. The
p e r i p h e r a l  n e u r o p a t h y  was decreased ,^£>ut still persisted 6 mo n t h s
*lat e r .
A nother worker went halfway down the ladder and p r oceeded
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Three of the five cases involved packers of seed d r e ssings  
c o n t a i n i n g  methylmercury. M l  experi e n c e d  tingling in the hands.
One cf the cases progressed until the indiv i d u a l  had difficulty  
walking, balancing, and speaking. The first individual died; the 
other two indivi d u a l s  had no other symptoms of poisonincj.
The fifth case involved a man who had impregnated wood with 
methylmercury. His first symptoms included n u m b n e s s  in his hands 
and forearms, incoordination, dizziness, and an unsteady walk. 
Th e  symptoms g r a d u a l l y  increased, his speech was impaired, and he 
be c a m e  blind. Ke died less than 1 month after hospitalization.
S e p p a lainen and H ä k k i n e n  [115] described a n e u r o p h y s i o l c g i c  
s t u d y  of 24 out of 31 workers exposed to the fungicide d i p henyl  
in a Finnish paper mill where w r a p p i n g  paper was i mpregnated with 
the diphenyl. The group included those expo s e d  to the greatest 
a m o u n t s  and/or who had symptoms or signs s u g g e s t i v e  of poisoning, 
i n c l u d i n g  headaches, g a s t r o i nestinal complaints, general fati g u e  
and numbness, and aching of the limbs. Ten of the 24 w o r k e r s  had 
abnor m a l  EEG's with mainly diffuse, slow wave abnormalities. 
D uring a 2-year observ a t i o n  period no actual improvement was 
seen. Some workers also had e l e c t r o n e u r o m y o g r a p h y  (ENMG) 
a b n o r m a l i t i e s  and 7 also e x h i b i t e d  f i b r i l l a t i o n s  in some muscles. 
In addition, n erve c o n d u c t i o n  velocity, e s p e c i a l l y  that of slower 
motor fibers, was reduced in several cases. The author did note 
that exposure to diphenyl hi g h l y  e x c eeded the TLV of 1 mg/cu ir, 
though no q u a n t i t a t i v e  results were reported.
(b) B e h a v i o r a l  Effects
N e urotoxic responses to p esticides may also be m a n i f e s t e d
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as behavioral or p sychologic a lterations [43,44,116,117], Such 
m a n i f e s t a t i o n s  are often subtle and difficult to measure.
The beha v i o r a l  effects of chronic but. clinically nontoxic  
exposure to OP pesticides were reported by Korsak and Sato [43]. 
T h i r t y - t w o  i n d i v i d u a l s  were divided into two groups of low and 
high chronic occ u p a t i o n a l  exposure based on a logarithmic index 
deri v e d  from yearly and daily e x p o s u r e  combined with age. The 
v o l u n t e e r s  were tested using a series of n e u r o p s y c h o l o g i c  tests 
and a c o m p u t e r - b a s e d  e l e c t r o e n c e p h a l c g r a p h i c  technique. Blood 
was drawn for p e sticide residue analysis and for plasma ChE 
ac t i v i t y  determinations. The results i n d icated that extent of 
chronic e x p osure does have definite q u a n t i f i a b l e  effects upon 
a p p a r e n t l y  a s y m p t o m a t i c  individuals. Length of exposure to high 
levels of OP p e s t i c i d e s  was s i g n ificantly related to deficits in 
performance on Part B of the Trial Making Test and on the Bender 
Visual Motor Gestalt Test. Both tests have b een reported to be 
i n dicators of b r a i n  dysfunction. However, insufficient c r i t e r i a  
exist to permit c o r r e l a t i o n  of subtle, reversible alterations in 
b rain function with the health of the worker. There were no 
significant r e l a t i o n s h i p s  b e t w e e n  length of e x p o s u r e  and d e f icits  
in performance on the Tactual Perfor m a n c e  Tests.
Metcalf and Holmes [116] used EEG t e c h n iques, p s y c h i a t r i c  
interviews, visual and auditory evoked response tests, and 
physical e x a m i n a t i o n s  to meas u r e  response to pesticides. They 
found mor e  c a s e s  of nervousness, changes in m e m o r y  and sexual 
activity, p r o blems in sleeping, and easy fatigability in persons 
e x p o s e d  to OP p esticides than in the control group.
1 0 0
Dille and Smith [ 1 1 7 ]  reported that two pilots e m p l o y e d  in 
s p r aying OP pest i c i d e s  suffered acute p o isoning symptoms and 
later showed symptoms of severe depression and anxiety. The 
a b n ormal EEG of one pilot p e rsisted for 6 months. The a u t h o r s  
a t t r i b u t e d  the p s y c h i a t r i c  s y m p t o m s  to the effects of chronic 
e x p o s u r e  to OP pesticides.
Gershon and Shaw [44] discussed the p s y c h iatric s e q u e l a e  
s een in four workers fo l l o w i n g  chronic exposure to OP 
insecticides. The i n d i v i d u a l s  involved were a scientific field 
o f f i c e r  e m p l o y e d  in c h e cking the efficacy of OP insecticides, 
i n c l u d i n g  par a t h i o n  and malathion, a g r e e n h o u s e  t e c h n i c i a n  
e x p o s e d  to parathion, malathion, and other pesticides, a 
h o r t i c u l t u r a l  t e chnical officer exposed during spraying of an 
u n s p e c i f i e d  pesticide, and a farmer exposed to m a l a t h i o n  and 
o ther insecticides. Each had experi e n c e d  symptoms of acute OP 
p o i s o n i n g  at various t imes prior to the d e t e c t i o n  of p s y c h o l o g i c  
alterations. D e p r e s s i v e  and schiz o p h r e n i c  reactions were 
o b s e r v e d  in the four individuals. Th e  authors [44] h y p o t h e s i z e d  
t hat these effects were quite possibly caused by the action of CP 
c o m p o u n d s  on brain ChE. However, other investigators have 
q u e s t i o n e d  whether the reactions described had any direct 
r e l ation to ChE inhibition by OP c o m p o u n d s  [ 45,46 ].
(c) R e p r o d u c t i v e  System Effects
Recently, several reports have appeared of c h e m i c a l l y  
induced, o c c upationally related in f e r t i l i t y  in males. Four of 
five members of a farm worker crew who had i n t e n s i v e  o c c u p a t i o n a l 
e x p o s u r e  to a wide variety of pesticides compl a i n e d  of impotence,
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a c c o r d i n g  to one report [118]. The pesti c i d e s  used inclu d e d  OE 
and CC compounds, triazines, carbamates, dipyridyls, and 
d i t h i c carbamates. All c o m p l a i n e d  of d i f f i c u l t y  in a c h i e v i n g  and 
m a i n t a i n i n g  an erection. Normal function r e t urned between 2 
m o n t h s  and 1 year after c e ssation of exposure in all the workers. 
T h e r e  was no neuro l o g i c  deficit, in any of them and no loss of 
libido. Oligospermia was reported in some workers poisoned by 
Kepone (CW Heath, Jr, written c o m munication, J a n u a r y  1976).
Most recently, reports have assoc i a t e d
1 , 2 - d i b r o m o - 3 - c h l o r o p r o p a n e  (DBCP) with infertility among work e r s 
[119]. Since the e a r l y  1953's, the fumigant DBCP has been used 
worldwide to c o n t r o l  parasitic worms that attack the roots of 
various fruit, vegetable, and c o t t o n  plants. In July 1977, 
Whor t o n  et al [119,120] investigated worker infertility in 145 
e m p l o y e e s  at a m a j o r  chemical company. A p p r oximately 45% of the 
workers tested' had s p e r m  counts less than 40 million/ml. For 
this study, the authors c o n s i d e r e d  normal s perm counts to be 40 
m i l l i o n / m l  or grea t e r  [120]. There also a p p e a r e d  to be a direct 
r el a t i o n s h i p  b e t w e e n  exposure duration and s perm count. W o r k e r s  
with sperm counts of 1 milli o n / m l  or less had been exposed for at 
least 3 years. No worker whose sperm count exceeded 40 
m i l l i o n / m l  had been expo s e d  for more than 3 months. Others 
exposed who were not azoosp e r m i e  had reduced sperm m o t i l i t y  and 
i n c r e a s e d  abnormal s perm forms. Similar t ests conducted by two 
other major c h e m i c a l  companies on their d i b r o m o c h l o r o p r o p a n e  
(DBCP)-exposed e m p l o y e e s  revealed s p e r m  counts of less than 20 
m i l l i o n / m l  in 55% of one g r o u p  and in 18% in anot h e r  group [120].
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One factor under c o n s i d e r a t i o n  is the s i g n i f i c a n c e  of d u r a t i o n  
and intensity of exposure. Although all severely a f f e c t e d  
individuals were, or had been, produ c t i o n  workers for at least 3 
years, the s h o r t e s t  time of e x p osure associated with oligospermia 
was only 1 year [119]. Interestingly enough, DBCP con c e n t r a t i o n s  
in the w o r k p l a c e  air of a f f e c t e d  workers were below the 
r e c o m m e n d e d  1 ppm airborne levels. levels of 0.3-0.4 ppm were 
m e a s u r e d  at one plant during May and July of 1977 [120]. Another 
i mp o r t a n t  q u e s t i o n  yet to be a n s wered c o m p l e t e l y  is whet h e r  the 
i n f e r tility is reversible. Some return of low sperm counts 
t o w a r d  normal after discont i n u a n c e  of exposure to DBCP has been 
reported recently [121].
(d) Hepatic Effects
Effects on the liver have been reported for a num b e r  of 
p e s t i c i d e s  including a l d r i n / d i e l d r i n  and endrin [122,123], 2,4-D 
[ 12 4], copper sulfate [125], and organotin com p o u n d s  [ 126, 127 ]. 
The reported e f f e c t s  range from st i m u l a t i o n  of hepatic microsoir.al 
e n z y m e  activity [ 1 2 2 , 1 2 3 ]  to severe patho l o g i c  damage [126,127].
T o x i c o l o g i c  studies in animals have i n d i c a t e d  that DDT and 
most other c h l o r i n a t e d  h y d r o c a r b o n  insecticides have caused liver 
damage if the dosage was sufficiently high and the e x p o s u r e  
p r o l o n g e d  [2]. Actual reports of liver damage in humans have not 
b e e n  found, however. This may be due to the fact that e a r l y  or 
m o d e r a t e  liver damage is difficult to detect in humans without 
h i s t o p a t h o l o g i c  studies.
M i c r o s o m a l  enzyme i n d u c t i o n  by en d r i n  has been observed. 
H ayes and Curley [ 1 2 2 ]  performed tests on men e m p loyed in a
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fact o r y  where endrin, aldrin, dieldrin, and cert a i n  OP compounds 
were manufactured. Workers engaged in the ma n u f a c t u r e  of endrin 
had increased activity of hepatic m i c r o s o m a l  enzymes. Hunter ard 
Robinson [123] assessed hepatic micro s o m a l  enzyme a c t i v i t y  of 
workers engaged in the m a n u f a c t u r e  of p e s t i c i d e s  by mea s u r i n g
c h a n g e s  in the urinary e x c retion of D - g l u c a r i c  acid. Men
em p loyed in the m a n u f a c t u r e  of endrin alone had greater 
D - g l u c a r i c  acid e x c r e t i o n s  than workers exposed to either aldrir. 
or dieldrin. Low 1,1- d i c h l o r o - 2 , 2 - b i s ( p - c h l o r o p h e n y 1)e t h ylene 
(DDE) levels found in endrin workers also suggest enzyme 
i nduction, s ince DDE is m e t a b o l i z e d  by m i c r o s o m a l  enzymes. A 
si g n i f i c a n t  inverse r e l a tionship between the blood DDE level and 
urinary D -glucaric acid e x c r e t i o n  is further evidence that these 
two changes are related to enzyme induction.
Bashirov [124] e x a m i n e d  50 indivi d u a l s  engaged in the 
m a n u f a c t u r e  of the amine salt and butyl ester of 2,4-D. Liver 
f u n c t i o n  was e v a l u a t e d  by a broad range of tests. The saire
a n a lyses were conducted in 20 control subjects with no known
exposure. Various liver d y s f unctions were found among the 
e x p o s e d  group including a decrease in urinary hippuric acid, 
c h a n g e s  in a l b u m i n  formation, a decrease in the a l b u m o - g l o b u l i n  
coef f i c i e n t ,  a decrease in the p r o t h rombin index, a decrease in 
blood sugar levels, changes in the c h a r a c t e r i s t i c  glycemic curve, 
and tilirubinemia. These were more pronounced in workers with 
longer ex p o s u r e s  to these herbicides.
In the m e t h y l  b r o m i d e  poisoning cases reported by Hine 
[112], some livei damage was reported. A forklift operator
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respon s i b l e  for t r a n sferring boxes of almonds in and out of the 
fumi g a t i o n  c h a m b e r s  of a n u t - p r o c e s s i n g  facility dev e l o p e d  
jaundice 3 m o n t h s  after the start of his fourth season of 
employment. Liver function t ests were a b n o r m a l  and he had 
c l a y - c o l o r e d  st o o l s  and dark urine. He changed jobs, and 2 years 
later, liver function studies were normal. Two other workers, 
who died, had signs of liver changes. One had moderate fatty 
i n f i l t r a t i o n  of the liver on autopsy, and the other had ar 
el e v a t e d  serum g l u t a m i c  o x a l o a c e t i c  t r a n s a m i n a s e  (SGOT) during 
his terminal illness.
Pimentel and Menezes [ 1 2 5 ]  reported on three i n d i v i d u a l s  
who were exposed w hile spraying vineyards with a s o l u t i o n  of 
copper sulfate n e u t r a l i z e d  with hydrated lime (Bordeaux Mixture) 
for prevention of mildew. Exposure varied, but in one case was 
as long as 12 years. All three individuals showed similar 
h e p a t i c  changes at autopsy or biopsy, inc l u d i n g  p r o l i f e r a t i o n  and 
d i f f u s e  swelling of Kupffer cells and fo r m a t i o n  of well - d e f i n e d  
h istiocytic or s a r c o i d - t y p e  g r a n u l o m a s  c ontaining copper.
Liver damage has been attributed to the fungicide, 
Brestan-60, which is c o m p o s e d  of 60% t r i p h e n y l t i n  acetate, 15% 
maneb, and 25% water. Horacek and Demcik [126] described liver 
damage in a C z e c h o s l o v a k i a n  spray-plane pilot who had teen 
e x p o s e d  to the f u n gicide B restan-60 and other pesticides. One 
pilot d e v e l o p e d  in d i g e s t i o n  and severe diarrhea a fter working 
with Erestan-6) for an unstated time. He c o n t i n u e d  to work for 
several days while expe r i e n c i n g  severe h e a r t b u r n  and dryness of 
the m o u t h  which was not relieved by drinking large a m o u n t s  of
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fluid. After about 1 week, his vision was affected to the extent 
that he could only make out the outli n e s  of nearby objects. 
About 2 weeks after t h e  onset of the initial symptoms, he had an 
e n l a r g e d  and very tender liver and was s u b s e q u e n t l y  hospitalized. 
Liver damage was confirmed by biopsy and m i c r o s c o p i c  examination, 
which showed increased collagen, m o d e r a t e  round cell 
infiltration, and slight portal and p e riportal fibrosis in the 
e d g e s  of the affected portal biliary areas; also, there was 
evidence of h e p a t o c y t e  regeneration. E l e vated serum glutarcic 
p yru v i c  transaminase (SGPT) values returned to normal fol l o w i n g 
dietary and insu l i n  treatment for diabetes and vitamin and 
ster o i d  therapy to impr o v e  the liver condition. Eleven months 
later, biopsy revealed active r e g e n e r a t i o n  of the damaged liver 
parenchyma, and apart fro m  a slight c l i n i c a l  enlarg e m e n t  of the 
liver, recovery was complete.
Another case of liver damage due to Bres t a n  was r e p orted
[ 1 2 7 ]  for a Y u g o s l a v i a n  f o rmulator who had spilled a s o l u t i o n  of
the fungicide on his hands and chest while loading a plane. 
Redness of the skin on his chest and abdo m e n  a p p eared w i t h i n  3
h ours and was followed the next day by the a p p e a r a n c e  of v e s icles
the size of wheat grains. He c o m p l a i n e d  of dizziness, headache, 
e p i g a s t r i c  pain, nausea, and fatigue. Upon h o s p i t a l i z a t i o n ,  his 
SGOT and SGPT values were elevated. Within 1 month, his SGOT 
value had i n creased to 150 units (U) and his SGPT to 575 units, 
respectively; and he coirplained of pain in th e  right 
h y p ochondrium, i e , over the liver. The normal ranges for these 
v a l u e s  are 8-33U/ml for SGOT and 1-36 U/ml for SGPT [56]. Two
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m o n t h s  after exposure, c l i n i c a l  e x a m i n a t i o n  revealed tende r n e s s  
of the liver and e n l a r g e m e n t  to two fingers' breadth below the 
c o s t a l  margin, resulting in a diagnosis of liver damage. At this 
time S GOT and SGPT values were 94 units and 196 units, 
respectively. Continued d e t e r i o r a t i o n  over the next 2 years led 
to a diagnosis of chronic hepatitis.
(e) Renal Effects
Effects on the kidney have also been o b s e r v e d  in pesticide 
workers [128-133]. These effects range from depression of 
c r e a t i n i n e  c l e a r a n c e  and phosphate rea b s o r p t i o n  [13 1] to severe 
tubular d e g e n eration [128].
Davay [128] reported kidney damage in a worker expo s e d  to 
me t h y l  bromide during its manufacture. The worker was exposed  
du r i n g  a shift when m e t h a n o l  and liquid b r o m i n e  were being 
refluxed. He worked for 3 hours within a radius of about 12 feet 
from the s a m pling and filling valves near the r e c e i v i n g  vessels. 
Findings revealed that methyl bromide a pparently escaped fro m  an 
o p e n  sampling valve which the worker noti c e d  and closed. Three 
hours later he d e v eloped na u s e a  and vomiting. Within 50 minutes, 
the vomiting i n c r e a s e d  in frequency and s e v e r i t y  until the worker 
lost c o n s c i o u s n e s s  and went into convulsions. Following 
h o s p i t a l i z a t i o n ,  u r i n a l y s i s  r e v e a l e d  albumi n u r i a  indicating the 
possib i l i t y  of cloudy swelling and/or tubular d e g e neration of the 
kidneys. In spite of h e m o d i a l y s i s  and perit o n e a l  dialysis, the
w o r ker's c o n d i t i o n  d e t e r i o r a t e d  and his renal function did not
improve. Death occurred on day 18 from re s p i r a t o r y  failure as a
result of severe injury to the CNS and kidneys.
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Strunge [129] r e p o r t e d  renal damage following exposure to a 
m e r c u r y  fungicide, m e t h o x y m e t h y 1 mercury silicate, in a 
6 ) - y e ar-old ma n  who had worked for 5 years as a bagger and 
c l e a n e r  for a firm that disinfected grain. He used no 
p recau t i o n s  and smoked and ate at his workplace. He was a d m itted  
to the hospital with e d e m a  of the genit a l s  and lower liirts. 
C h o l e sterol, urinary protein, e r y t h r o c y t e  s e d i m e n t a t i o n  rate, and 
a l p h a - 2 - g l o b u l i n  were elevated, and serum protein and albu m i n  
were low. Renal biopsy before treatment showed slight f i brinoid 
c h a n g e s  in the basement m e m brane and Bowman's capsule involving 
all glomeruli. He responded to steroid treatment and was 
d i s c h a r g e d  with d i a gnosis of n e p h r o t i c  syndrome p r o bably 
s e c o n d a r y  to the m e r c u r y  fungicide.
Morgan and Roan [130] reported a study of renal f u n ction in 
65 persons occupat i o n a l l y  expo s e d  to pesticides. The group 
included 24 f o r m u lators and ap p l i c a t o r s  of a g r i c u l t u r a l  
pesticides, 18 pest c o n t r o l  operators, and 23 controls. The
a g r i c u l t u r a l  pesticides included DDT, toxaphene, parathion, 
phosdrin, and a variety of other OP compounds. These workers had 
an average of 10 years exposure. Among the pest c o n t r o l  
operators, the average e x perience was 7 years with e x p o s u r e  to 
lindar.e, chlordane, dieldrin, and other carbamate and OP
compounds. C o n t r o l s  had n c  more than the ordinary h o u sehold
e x p o s u r e  to pesticides. Prior to this study, 14 of the
f o r m u l a t o r s  had been poisoned by pesticides, 12 r e q uiring some 
hospitalization. None of these workers had been s y m p t o m a t i c  
during the 6 mo n t h s  preceding the test.
No differences were noted in c r e a t i n i n e  clearance, tabu l a r  
r e a b s o r p t i o n  of phosphate, amino acid nitrogen, osmolality, or 
f r e e  water cle a r a n c e  among the expo s e d  groups. Plasma uric acid 
was lower in the a g r i c u l t u r a l  group, and uric acid c l e a r a n c e  was 
l ower and r e s o r p t i o n  higher in the pest cont r o l  group. No 
cor r e l a t i o n s  were found between any of the v a r i a b l e s  and d u r a t i o n  
of e m p l o y m e n t .
Begley et al [131] cited a s tudy of 18 w o r k e r s  e x p o s e d  to 
p e n t a c h l o r o p h e n o l  (PCP) at a wood treatment plant. Blood and 
urine samples were t aken from each worker on the morning of the 
last workday prior to a 20-day vacation, and on the m o r n i n g s  of 
the 3rd, 6th, 13th, and 20th days of the vacation. PCP 
c o n c e n t r a t i o n s  in the blood averaged 5.1 ppm be f o r e  vacation,  
fall i n g  to 2.2 ppm by the end of the vacation. Blood 
c o n c e n t r a t i o n s  c o r r e l a t e d  with observed renal f u n c t i o n  
measu r e m e n t s ,  which were ini t i a l l y  a b n ormal but later returned to 
no r m a l  values. C r e a t i n i n e  cle a r a n c e  and p h o s p h o r u s  r e a b s o r p t i o n  
va l u e s  were depressed before vacation but showed s i g n i f i c a n t  
im p r o v e m e n t  during vacation, suggesting that PCP exposure reduced 
g l o m e r u l a r  f i l t r a t i o n  rate and depressed tubular function. 
Re c overy f o l lowed a n o n e x p o s u r e  period.
In 1966, Mann et al [132] studied kidney function in 7 0 
sprayiren and f o r m u lators occupationally e x p o s e d  to various 
u n s p e c i f i e d  pesticides. Kidney function tests included phosphate 
r e a b sorption, urinary titr a t a b l e  acid, a m m o n i u m  e x c r e t i o n  after 
loadirg, and c o n c e n t r a t i n g  ability. Signif i c a n t  decreases were 
found in the renal function of pesticide workers compared with
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those of an unexposed cont r o l  group. The authors stated that 
chro n i c  exposure to pesticides can result in m u ltiple, 
p otentially irreversible, renal tubular d y s f u nctions which 
i n c rease with duration of exposure.
In studies with h u m a n  volunteers [ 105] at a New York State 
prison, daily doses of 0.012 mg/kg carbaryl for up to 6 weeks 
were found to be a s s o c i a t e d  with a lowering of the urinary airino 
a c i d / c r e a t i n i n e  ratio which lessened after dis c o n t i n u a n c e  of the 
d aily doses of c a r baryl for 15 weeks. This change suggested that 
ca r b a r y l  in this daily dose decreased kidney r e a b s o r p t i o n  of 
amino acids.
Tocci and assoc i a t e s  [ 133] found i n d i c a t i o n  of c h a n g e s  in 
k i d n e y  and liver f u n c t i o n  in persons o c c u p a t i o n a l l y  expo s e d  to 
unspecified pesticides. Changes in the fu n c t i o n s  Of these organs 
wer e  detected by m e a s u r i n g  the SGOT, serum a l k a l i n e  ph o s p h a t a s e  
( SAP), and c r e a t i n i n e  concentrations. Sixteen percent of the 
study group showed evidence of damage to r enal tubules.
(f) D e r m a t o l o g i c  Effects
In 1975, 436 cases of skin injury due to expos u r e  to 
p e s t i c i d e s  were reported [29 ]  in California. The pesti c i d e s  
impl i c a t e d  included: malathion, diazinon, omite, paraguat,
chlordane, and difolatan. Dermatitis was a m ajor cause of 
o c c u p a t i o n a l l y  related visits to physicians. Exposure to 
p e s t i c i d e s  resulted in primary i r r i t a t i o n  [ 5 3 , 1 3 4 - 1 3 8 ]  or 
s e n s i t i z a t i o n  [139-141]. Primary irritants caused d ermatitis by 
direct action on the skin.
A p a r t i c u l a r l y  severe skin p r o b l e m  a ssociated with
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p e s t i c i d e  e x p o s u r e  is chloracne, which is c h a r a c t e r i z e d  by 
a c n e - l i k e  eru p t i o n s  [134], Following exposure, a delay of 6-8 
weeks typically occurs before the disease is m anifested, and once 
established, recovery may take years. This skin disease among 
e m p l o y e e s  of p e s t i c i d e  producers was first observed during the 
19 5 0 ' s  in work e r s  at a German herbicide m a n u f a c t u r i n g  plant and 
was caused by TCDD, a c ontaminant of some chlo r o p h e n o l  
pesticides.
T w e n t y - n i n e  subjects in a 2,4-D and 2,4,5-T m a n u f a c t u r i n g  
plant in Newark, New Jersey, developed c h l o r a c n e  [135]. In
a d d i t i o n  to chloracne, many of the workers also showed 
h y p e r p i g m e n t a t i o n  and i n c reased skin fragility s uggestive of the 
superf i c i a l  lesions of p o r p h y r i a  cuta n e a  t a r d a  symptomatica.
Poland et al [136] reex a m i n e d  all of the e m p l o y e e s  of the same 
fact o r y  several years later after the level of TCD D  in the 2, 
4 , 5 - t r i c h l o r o p h e n o l  had been reduced from 10-25 mg/kg to less 
than 1 mg/kg. They found c h l o r a c n e  in 13 of 73 workers.
T h e  I n t e r n a t i o n a l  Agency for Research on Cancer (IAEC) 
re p orted a 1949 accident w h i c h  affected 288 people at the 2,4,5-T 
producing plant of the M o n s a n t o  Chemical C o m p a n y  in Nitro, West 
Virginia [54]. Signs and symptoms included chloracne, melanosis, 
mu s c u l a r  aches and pain, fatigue, nervousness, and i ntolerance to 
cold.
In 1976, an exp l o s i o n  in a chemical factory in Seveso,
Italy, resulted in the release of a vapor c loud of 2,4,5-T and
T C D D  [137]. As a result of this explosion, an area i n habited by 
s o m e  2,000 people was contaminated. The p r e sence of TCDD was not
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i m m e d iately known, so e v a c u a t i o n  of the a f f e c t e d  area did not 
be g i n  for over 2 weeks. The first signs of skin problems were 
s een in local child r e n  several days after the explosion. Aniiral 
deaths were also reported. As time progressed, more than 500 
peo p l e  were treated for poisoning. An unspecified number of 
t hese indivi d u a l s  developed c h l oracne as a result of the TCID 
e x p o s u r e .
In addition to T C D D - c o n t a m i n a t e d  pesticides, several other 
k inds of p e sticides and their intermediates have been assoc i a t e d  
with chloracne. Taylor e+ al [138] r e p o r t e d  41 workers who 
d e v e l o p e d  c h loracne as a result of exposure to 
3 , 4 , 3 ' , 4 ' - t e t r a c h l o r o a z o x y b e n z e n e  (TCAB) during the m a n u f a c t u r e  
of the h e r b i c i d e  2- (3,4 - d i c h l o r o p h e n y 1 ) - 4 - m e t h y l - 1,2,4-
o x a d i a z o l i d i n e - 3 , 5 - d i o n e .  In most of the workers, the c h l o r a c n e  
appeared during their first 2 months of em p l o y m e n t ,  but varied 
over a l l  from 1 week to 8 months. Family memb e r s  of four workers 
also developed chloracne, p r o bably due to c o n t a minated work 
c lot h e s  or t o o l s  b e i n g  carr i e d  home.
Deeken [134] r e p o r t e d  six cases of chloracne froir 
o c c u p a t i o n a l  e x p o s u r e  to 2 , 6 - d i c h l o r o b e n z o n i t r i l e  (dichloberil). 
T h o s e  i n v o l v e d  were e x p o s e d  either during d u m p i n g  of d i c h l o b e n i l  
powder into a slurry during formulation or du r i n g  bagging of the 
final product. The l a g - t i m e  between initial e x p osure to the 
c o m p o u n d  an d  the d e v e l o p m e n t  of the a c neiform e r uptions varied, 
r a n g i n g  up to 5 months. The eruption generally c o n sisted of 
several hundred o pen pinpoint comedones. No acne cysts were 
observed. As long as e x p o s u r e  continued, r e s ponse to the usual
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forms of treatment was poor. Once contact with di c h l o b e n i l  was 
stopped, improvement occurred.
A variety of other skin reactions have been reported in 
r e s p o n s e  to pesticides £142-145]. Kazen et al [142] studied a 
teririte control operator who had habitually used his left hand to 
protect his face while he sprayed chlordane and al d r i n  with his 
right hand. The man s u b s e guently de v e l o p e d  a severe d e r m a t i t i s  
of the left hand.
Brown [143] r e p orted " skin flushes" or su d d e n  reddening, 
usually of face and forearm, in 17 employees of a
t r i a z a p e n t a d i e n e  m a n u f a c t u r i n g  plant. The flushes were reported 
to last from an hour to a couple of days and usually o c c urred 
a fter the c o n s u m p t i o n  of alcohol.
Radimer and c o l l e a g u e s  [144] p r e sented four cases of 
e p i d e r m a l  n e c r o l y s i s  in i ndividuals whose homes were fumigated 
wit h  a m i x t u r e  c o ntaining a c r y l o n i t r i l e  and carbon tetrachloride.
T h e  first evidence of skin disease appeared 11-2 1 days after
t heir initial e x p o s u r e  to the fumigant. The skin con d i t i o n  was 
c h a r a c t e r i z e d  by p a t c h e s  of intense tender e r y t h e m a  that rapi d l y 
p r o g r e s s e d  to huge b l i s t e r s  that opened. Three of the four 
patients were adults and they died from shock and/or
g a s t r o i n t e s t i n a l  bleeding.
Bisby and Simpson [ 1 4 5 ]  reported a case of dichl o r v o s  
p o i s o n i n g  m a n i f e s t e d  by an acute skin r e a ction in a male pest 
c ont r o l  o p e rator who had worked with pesticides for more than 9 
years. One month earlier, he n o t i c e d  a slight burning s e n sation  
of  the skin a fter cont a c t  with dichlorvos. The skin was wa s h e d
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with no further ill effect. The poisoning episode o c c urred 
du r i n g  th e  routine spraying of a 1% solution of dichlorvos. Some 
of the chemical leaked onto the operator's s h o ulder and slight 
local i r r i t a t i o n  occurred. The operator stopped, put on clean 
overalls, placed a p l a s t i c  sheet between the spray unit and his
back, and completed his work, all without washing. During the
day he noti c e d  increasing local i rritation and burning of the
c o n t a m i n a t e d  area, and at the end of his shift, e x c e s s i v e
tiredness. Three days later he had ext e n s i v e  areas of e r y t h e m a  
and bullae typical of acute contact dermatitis. ChE a c t i v i t y  
levels were ext r e m e l y  low indicating severe systemic OP 
poisoning. There were no other signs of c l i n i c a l  abnormalities.
E x p osure to p e s t i c i d e s  was avoided, recovery was uneventful, and
the patient returned to work after a month of rest.
Several pesticides have caused skin hy p e r s e n s i t i z a t i o n ,  an 
a l l ergic reaction, in humans [139-141]. Patch tests are often 
d one to determine whether a s u s p e c t e d  c o m p o u n d  is the sensitizer.
E d m undson and Davies [139] r e p o r t e d  o c c u p a t i o n a l  
d e r m a t i t i s  in four workers expo s e d  to naled while c u t t i n g
c h r y s a n t h e m u m  plants. The women i n v olved had bee n  doing this 
t ype of work for from 1 month to 9 years. On the day of the 
incident, the field in which they were working had been spra y e d 
with a mixt u r e  of naled, captan, and dicofol, and some of the 
pl a n t s  were still wet with the s o l u t i o n  at the time of cutting. 
W hile in the field, all four women e x p e r i e n c e d  burn i n g  and 
itching of the face, neck, and arms, and later, welts and/or
rashes. Contact s e n s i t i z a t i o n  type d e r m a t i t i s  was the diagnosis.
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Patch tests carr i e d  out 2 weeks later showed a positive reaction 
only for naled in each woman.
Spencer [ 140] r e p orted three farmers who developed acute 
d e r m a t i t i s  after s p i l l i n g  the herbicide allidochlor, a d erivative 
of 2 - c h l oroacetamide, on their shoes or clothing. All three 
dev e l o p e d  a viol a c e o u s  eruption with bullae on contact areas. 
P atch testing a few months later on two of the indivi d u a l s  
r e s u l t e d  in a 4+ (strong) response for allidochlor, and was 
ne g ative for other pesticides that they had used.
Milby and Epstein [141 ] d e scribed the e x p e r i m e n t a l  testing  
of the sensit i v i t y  of volunteers to malathion. E i g h t y-seven men 
were divided into four groups. The malathion used was 95% pure, 
an a l y t i c a l  s t a n d a r d  grade mal a t h i o n  in ethanol. In Group I the 
ski n  was first i r r i t a t e d  by a 3-second freeze with 
d i c h l c r o d i f l u o r o m e t h a n e  to enhance sensitization, and then 10% 
m a l a t h i o n  was applied. In Group 2, 10% m a l a t h i o n  was a p p l i e d  to 
a n o n i r r i t a t e d  skin site. Groups 3 and 4 were first i r r i t a t e d  
with d i c h l o r o d i f l u o r o m e t h a n e  and then expo s e d  to 1.0 and 0.1% 
malathion, respectively. In 30 days, all s u b j e c t s  were r e t ested 
with a n o n i r r i t a t i n g  1% c o n c e n t r a t i o n  of m a l a t h i o n  in e t h a n o l  at 
a new site. The findings indicated that a sin g l e  exposure to 10% 
m a l a t h i o n  r e a d i l y  induced contact s e n s i t i z a t i o n  in almost half of 
the subjects, and the average intensify of the reactions was 
great. Weaker s o lutions had much less t e n d e n c y  to sensitize, 
e v e n  when appl i e d  to i r r i t a t e d  skin. To e x p l o r e  the degree of 
sensitivity, a group of five highly m a l a t h i o n - s e n s i t i v e  subjects 
were tested with weak s o lutions of mal a t h i o n  in water and
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acetone. All gave strong reactions (bullae) at a 1 ppm 
c o n c e n t r a t i o n  in acetone, and p o s itive res p o n s e s  were also evoked 
by applying a c o m m e r c i a l  p r e p a r a t i o n  of 0.9% mal a t h i o n  in water.
A subs e q u e n t  study of two groups who used malathion in 
their occupa t i o n s  (157 m o s q u i t o  abatement workers and 43 poultry 
workers) revealed that about 3% reacted to a 1% m a lathion patch 
test. Several of these individuals gave histories of previous 
e p i s o d e s  of d e r m a t i t i s  which had defied diagnosis.
The herbicide monu r o n  has also been associated with 
c o n t a c t  dermatitis [146]. Two episodes are included in EPA's 
Pes t i c i d e  E p i s o d e  Review System data.
(g) O p h t h a l m o l o g i c  Effects
In 1975, 314 eye injuries were reported in Calif o r n i a  due 
to pesticide exposure [74]. Most eye i n j u r i e s  were acute, 
c h a r a c t e r i z e d  by damage to the conjunctivae, cornea, and 
a s s o c i a t e d  struc t u r e s  because of the cor r o s i v e  p roperties of 
pes t i c i d e  a c t i v e  in g r e d i e n t s  or formulations [29,143]. A variety 
of p esticides have been asso c i a t e d  with such injuries, inc l u d i n g  
t r i a z apentadienes, weed oil, and difolatan.
Brown [ 1 4 3 ]  r e p orted three workers in a plant 
m a n u f a c t u r i n g  t r i a z a p e n t a d i e n e s  who e x p e r i e n c e d  intense eye 
i r r i t a t i o n  6-12 hours f o llowing t heir workshift. Two of the 
t h r e e  were admitted to a hospital. On e  had a large area of 
corneal d e - e p i t h e l i a l i z a t i o n , and the o ther had s u p e r f i c i a l  
p u n c t a t e  keratitis. The i n j u r i e s  were traced to escaping vapors 
of ethanol, i s opropyl alcohol, and f o r m i d i n e s  from a leakirg  
v a l v e  in the r e c y c l i n g  part of the plant.
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Maddy and Topper [29] described eight cases of eye injury 
in persons working in pesticide iranufacturing and f o r m u l a t i n g  
plants. In one case, an e m p l o y e e  was exposed to weed oil when
the nozzle he was using to fill a can broke off and sprayed his
face, chest, and legs. He was treated for chemical burns to the 
eyes. Another case involved an employee working with a dust 
collector. Some difolatan powder blew through the side vents of 
his goggles and c a u s e d  chemical irrit a t i o n  in his left eye. A
t h i r d  case of ey e  injury involved an employee e m p tying a dru m  of
lime sulfur. While he was setting the drum down, the top opened 
and seme liquid contacted his face and eyes. Although he was
wearing safety qlasses, his eyes were n e v e r t h e l e s s  injured.
C at a r a c t s  are often considered to be a con d i t i o n  of old
age. However, pesticides have been i m plicated in the produ c t i o n  
of lens and corneal cataracts. The p e s t i c i d e  c o mpounds 2,
4 - d i n i t r c p h e n o l  (DNP), used both as an herbicide and as a 
fungicide, and d i n i t r o-o-cresol, used as an insecticide, were 
i m p l i c a t e d  in the 1930's as causing c a t a r a c t s  after large doses 
were ingested for weight c o n t r o l  purposes [51].
(h) Re s p i r a t o r y  System Effects
I n h a l a t i o n  is an important route of exposure for 
pesticides. After inhalation, pesticides gain access to the
bloodstream, and s y s t e m i c  toxicity ca n  result. In some cases, 
i n h a l a t i o n  of pesticides can also result in local damage to the 
r espiratory system itself, ranging from localized burning in the 
m o u t h  and throat [ 1 4 7 ]  to p u l monary fibrosis [ 125,1 48 ].
Pimentel and Menezes [125] r e p orted three cases of
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v i n e y a r d  s p r a y e r ' s  lung. The three men were all exposed while 
spraying vineyards with a s o l u t i o n  of copper sulf a t e  n e u t r a l i z e d  
with hydrated lime {Bordeaux Mixture) for the p r e v e n t i o n  of 
mildew. Case 1 was expo s e d  o n  the job for 3 years. Case 2 for 12 
years, and Case 3 for an u n s p e cified length of time. Case 1 had 
s y m ptoms for 3 y ears prior to h o spitalization. He was d y s p n e i c
and cyanotic w h e n  hospitalized. A chest X-ray showed diffuse
b i l a t e r a l  reticular and m i c r o n o d u l a r  shadows. Pulmonary f u n c t i o n  
s t u d i e s  showed a restri c t i v e  v entilatory defect. The patient 
died of bi l a t e r a l  sponta n e o u s  pneumothorax. Autopsy showed
bi l a t e r a l  diff u s e  pulmonary fibrosis with emphysema in lower 
lobes. Histology i n d i c a t e d  n u m e r o u s  h i s t i o c y t i c  granulomas and 
f i b r o - h y a l i n e  nodular scars. These lesions contained abundant 
i n c l u s i o n s  of copper. Case 2, an alcoholic, was h o s p i t a l i z e d  for 
a febrile syndrome. A chest X-ray s howed reticular and
m i c r o n o d u l a r  shadows. The liver was irregular and hard. The 
pa t i e n t ' s  c o n d i t i o n  d e t e r i o r a t e d  p r o g r e s s i v e l y  until he died. 
Autopsy showed numerous blue nodules and e x t e n s i v e  f i b rosis in 
both lungs. H i s t o l o gically, there were n u m e r o u s  h i s t i o c y t i c 
g r a n u l o m a s  and e x t e n s i v e  n o d u l a r  scars. T h e  lesions con t a i n e d  
c on s i d e r a b l e  amounts of copper. Case 3 was hosp i t a l i z e d  for
weakness, joint and m u s c u l a r  pains, and loss of appetite. A
c h e s t  X-ray indicated inc r e a s e d  lung m a r k i n g s  and p o s s i b l e
p n e u m o n i a  with pleural reaction. The liver was enlarged. 
B i o psies of both the liver an d  lung were made. Histology showed 
histiocytic g r a n u l o m a s  that were in an a d v anced c o n d i t i o n  of 
s c l e r o s i s  and h y a l i n i z a t i o n  in some areas. These lesions
c o n t a i n e d  abundant inclusions of copper.
Warraki [147] reported two cases of acute b r o n c h o p n e u m o n i a  
in agricultural workers exposed to t o xaphene sprays. The first 
man reported he had been heavily exposed to toxaphene for 2 
months. A chest X-ray revealed marked b i l ateral hilar 
1 ymphadenopathy with fine mili a r y  op a c i t i e s  heavily d i s t r i b u t e d  
over both lungs. Pulmonary f u n ction tests d e m o n s t r a t e d  a vital 
capacity 36.2% and a m a x i m u m  breathing capacity 19% of pre d i c t e d  
norrral. The second m a n  had been heavily exposed to t o x aphene 
spray for the first time 1 month before e n t e r i n g  the hospital. A 
c hest X-ray showed coarse miliary shadows in both lungs with 
m a x i m u m  dis t r i b u t i o n  in t h e  middle zone. Pulmonary f u n ction 
stud i e s  d e m o n strated a vital capacity of 22% of predicted norrral. 
B oth men showed dramatic improvement with a v oidance of expos u r e  
and treatment with corticosteroids.
Weiner [148] reported a case of bronchial asthira a t t r i b u t e d 
to exposure to an OP pesticide in a 41-yea r - o l d  c h e m i c a l  
f o r m u l a t i o n  worker with a history of rhinitis and 21 years' 
e x p o s u r e  to sulfur powder, who had r e c e n t l y  begun pac k a g i n g 
mevinphos. When a leak developed in a can he was using as a 
filler, he removed his mask and gloves to fix the leak. During 
thi s  time he i n h a l e d  a large quantity of the m a t e r i a l  and spil l e d 
some on his hands. Thirty minutes later he was h o s p italized with 
labored breathing, c y a n o s i s ,  and miosis. Moist rales were 
present throughout the lungs. T h e  man responded to a t r o p i n e 
treatment. T hree weeks later while working with u n s p e c i f i e d  
powders, he had coughing, wheezing, and l a b o r e d  breathing. Over
119
the next 3 years he had repeated bouts of pneumonia, and 
pulmonary f u n c t i o n  studies showed decreased forced vital c a p acity 
on two occasions- The authors speculated that the o b s erved 
s u s c e p t i b i l i t y  to respiratory effects occurs only in subjects 
p r e d i s p o s e d  to allergy.
Paraquat has caused pulmonary edema, se v e r e  irritation of 
m u c o u s  membranes, and acute renal failure, usually after 
a c c i d e n t a l  or s u i c i d a l  ingestion. If the imm e d i a t e  effects do 
not produce death within a week, the patient may either recover  
fully or die in the delayed s t a g e  of the poisoning. This is 
c h a r a c t e r i z e d  by rapid development of p u lmonary fibrosis, with 
the appearance of granular opacities on r adiographs of the chest. 
The patients become dyspneic from the c o m b i n e d  effe c t s  of 
d e creased pulmonary capacity of the lungs. Death frorr 
respiratory failure and anoxemia occurs 2-4 weeks after the 
p o i s o n i n g  [ 149].
Such, p r o g r e s s i o n  of pulmonary fibrosis was o b s erved by 
Da v idson and Macpherson [150] in two cases of paraquat poisoning 
due to accid e n t a l  ingestion of G r amoxone W. In the first case, 
p u lmonary function was normal until day 7 f o l lowing exposure. On 
day 7 a chest radiograph showed fine granular opacities. 
Thereafter, lung f u n c t i o n  tests showed rapid deterioration. Open 
bi o p s y  on day 9 showed interstitial edenra, fib r o b l a s t i c  activity, 
and fibrosis. F o l lowing death on day 17, an a u t o p s y  showed the 
l ungs to be e n l arged and almost solid throughout. i n t e r s t i t i a l  
t i s s u e  showed considerable fibrous thickening, d i s o rganizing the 
lung structure. In places, air spaces were lined by a thick
1 20
m e m brane r e s e m b l i n g  hyaline membrane disease. Reactive
hy p e r p l a s i a  was seen in many areas. In the second individual,
ill-defined o p a c i t i e s  were evident on day 6 following exposure.
The patient e x p e r i e n c e d  r espiratory distress and lung f u n ction
showed rapid deterioration. After death on day 25, autopsy 
s h o w e d  complete o b l i t e r a t i o n  of the air spaces by fib r o b l a s t i c 
p r o l i f e r a t i o n  and i n f l ammatory cells. The alveolar walls ard 
inte r s t i t i a l  tissue were bro a d e n e d  by fibrous tissue. Both upper 
lobes showed gross emphysema.
Barthel £151] cited data on three of five cases of lung 
fibrosis found in pest control workers. The workers had many 
years of e xperience during which they were e x p o s e d  to seve r a l 
p e s t i c i d e s  including OP compounds, O C ’s, and arsenates. X-ray 
e x a m i n a t i o n  of the lungs revealed diss e m i n a t e d  foci mainly 
l o calized in the lung periphery and diffuse spotted and striped 
lung shadows with signs of diffuse emphysema,
(i) H e m a t o p o i e t i c  Effects
P e s t i c i d e  exposure has been a ssociated wit h  h e m a t o l o g i c 
a lterations £152-159]. Toxic m a terials may affect the compo n e n t s  
of the blood b y . i n f l u e n c i n g  their production, rate of peripheral 
destruction, or d i s t ribution £55].
Furie and Trubowitz £152] reported a case of c h l o r d a n e  
e x p o s u r e  followed by the development of m e g a l o b l a s t i c  aneiria. 
The individual mixed a chlordane solution and then poured it 
around the inside and outside of his h o u s e / o f f i c e  for termite 
control; during this operation, chlordane was spilled on his 
hands. Actual t otal skin contact was est i m a t e d  tc be about 3-5
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hours during a 2-month period. Chlordane fumes were very strong 
in his office w here he spent approximately 300 hours during a 
period of 6 months. After that time, he experienced severe 
sho r t n e s s  of breath, fatigue, and tachycardia. H e m a t o l o g i c
analyses revealed anemia with the p r e sence of megalofclasts. 
E x a m i n a t i o n  of the bone m a r r o w  confirmed hypercel l u l a r i t y .  A 
d i a g n o s i s  of m e g a l o b l a s t i c  anemia was made. As the p a t ient's 
h e m o g l o b i n  levels increased after a series of blood transfusions, 
his c o n d i t i o n  gradually improved.
S anch e z - M e d a l  and c o w orkers [153] n oted 20 cases of 
a p l a s t i c  anemia during 8 y e a r s  at Hospital de E n f e r medades de la 
N u t r i c i ó n  in Mexico City. In 16 of the 20 cases, p e s t i c i d e s  
appeared to be the only p o s s i b l e  o f f e n d i n g  agents since all
p a t ients had repeated contact during the 6 months p r e c e d i n g
C l i n i c a l  onset of their disease. The ins e c t i c i d e s  involved were
DDT alone, or DDT in associ a t i o n  with lindane, dieldrin, or DDVP.
C l i n i c a l  a#id laboratory findings in these cases did not differ 
f rom those in a p l astic anemia due to other causes. Also r e p o r t e d 
was the case of a 13-year-old boy hospitalized with a p l astic 
a nemia which was c i r c u m s t a n t i a l l y  rela t e d  to DDT. The boy's* hoire 
had been r e peatedly sprayed with DDT for 2 years, and in the 4 
m o n t h s  p r eceding his hospital adm i s s i o n  DDT was sprayed every 
other day. The patient was recovering when he was a c c i d e n t a l l y  
r e e x p o s e d  in his hospital room when a v o l u n t e e r  sprayed a 10% DDT
spray. He had an a n a p h y l a c t i c  reaction within 1 hour of
reexpcsure, and his blood dyscrasia worsened. He died 30 hours
l a t e r .
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The A m e r i c a n  Medical Association registry on blood 
dy s c r a s i a s  r e p orted 44 cases of aplastic anemia associated with 
pe s t i c i d e s  through 1963 [154]. Of these cases, 13 were related 
to lindane, and in 7 cases, lindane was the sole agent; 19 cases 
were related to DDT, and in 3, DDT was the sole agent; 12 cases 
were related to c h l o r d a n e , and of these, c h l o r d a n e  was the sole 
agent in 4 instances.
Palva et al [155] r e p o r t e d  the case of a 6 4-year-old farirer 
who was spraying 2 - m e t h y l - 4 - c h l o r o p h e n o x y a c e t i c  acid (MCPA) with 
a manual spra y e r  that leaked, so that his c l o t h i n g  became soaked 
with the herbicide. Two weeks later he had spontaneous h e matomas 
and m anifested lethargy. He was p a n c y t o p e n i c  2 mo n t h s  later. He 
r e s p o n d e d  to s t e r o i d  treatment within 2 months and was free from 
sy m ptoms in 5 months.
Samu e l s  and Milby [ 1 5 6 ]  conducted a further study on a 
l i n d a n e  exposed popu l a t i o n  first stud i e d  by Milby et al [157]. 
The population included 79 indivi d u a l s  who had been exposed daily 
to lindane for a period of weeks to years. Seventy-one of these 
79 were e m p loyed in lindane processing plants. The other 8 
indivi d u a l s  included the re s i d e n t s  of two households in which 
l ind a n e  v a p o r i z i n g  devices were o p e rated for pest control 
purposes. Milby et al [157] found that the c o n c e n t r a t i o n  of 
lindane in the blood r e f l e c t e d  recent lindane absorption. The 
m e a n  conce n t r a t i o n  of l i n d a n e  in the blood a p p eared to be a valid 
i n dicator of relative e x p o s u r e  intensities; however, levels did 
not appear to increase with increasing d u r ation of exposure. 
Samuels and Milby [156] found i s o lated instances of leukopenia.
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leukocytosis, g r a n u l ocytopenia, eosinophilia, monocytosis, and 
thromfcocytopenia in the same population. Pancytopenia with 
r e t i c u l o c y t o p e n i a  was not observed. There did not appear to be a 
c o r r e l a t i o n  between a b n ormal findings and either d u r a t i o n  cr 
i n tensity of exposure. M onocytosis appeared to decline after the 
5th year of e m p l o y m e n t  in 51.1% of the cases.
West [158] reported the case of a girl with an atypical 
b l o o d  count and anemia. In addition, four o ther members of her 
family had mil d  anemia. All r e covered when a lindane v a porizer 
which had been o p e rating for 1.5 years was r e m o v e d  from the hoire.
Davignon et al [ 1 5 9 ]  reported a 3-year study of three 
groups: 441 a p p l e - g r o w e r s  who had worked with insecticides, 170
subjects who did n o t  actually use i n s e c t i c i d e s  but lived in or 
n e a r  orchards, and 162 controls with no known contact with 
insecticides. No d ifference was obser v e d  in average RBC counts 
and h e moglobin c o n c e n t r a t i o n  in the three groups. However, the 
a v e r a g e  leukocyte count was s i g n i f i c a n t l y  lower for the 
a p p l e - g r o w e r s  and those living near o r c hards than for c o n trols, 
although levels in both groups were within the range of the 
noriral population.
(j) C a r d i o v a s c u l a r  Effects
Few reports are a v ailable on the effect of pesticides on 
the c a r d i o v a s c u l a r  system. Health surveys of workers with 
i nte n s e  o c c u p a t i o n a l  expos u r e  to DDT have not d e t e c t e d  
c a r d i o v a s c u l a r  changes [160].
Bu t z i ngeiger [161] examined 180 vinedressers and c e llarmen  
who had used a r s e n i c  insecticides and who had expressed symptoms
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co n s i s t e n t  with chronic arsenic intoxication. Of the 180 
e x a mined, 41 (22-8$) showed e v i dence of v a s cular disorders in the 
extremities. Of the 15 cases described in detail, cold hands or 
feet, or both, were common and appa r e n t l y  preceded the 
development of gangrene on the toes or fingers in six cases.
E l e c t r o c a r d i o g r a m  (ECG) findings of v inegrowers with 
c h r o n i c  arsenic i n t o x i c a t i o n  were reported by Butzengeiger [162]. 
Of 192 ECG's, 107 (55.7%) were normal, 30 (15.6%) showed slight
changes which alone were insufficient for d e f inite dia g n o s i s  of 
c a r d i a c  damage, and 55 (28.7%) revealed defin i t e  changes. In 19
of the 55 altered ECG's, changes were a t tributed to age, 
a r t e r i o s c l e r o s i s ,  or intercurrent disease. In the remaining 36, 
a r s e n i c  poisoning was c onsidered responsible. ECG a b n o r m a l i t i e s  
included Q-T p r o l ongation and flattened T-wave. F o l l o w - u p  
s t u d i e s  revealed a decline in ECG abnor m a l i t i e s  along with the 
symptoms suggestive of d i m i n u t i o n  of arsenic intoxication.
O v e r e xposure to OP i n s e c t i c i d e s  has been associated with 
b l o o d  co a g u l a t i o n  and vascular changes [163]. In one male over 
50 years of age, two c e r e b r o vascular incidents followed 
o v e r e x p o s u r e  to d isulfoton (GE Quinby, MD, w r i t t e n  communication, 
May 1 S 78).
Blood p r e ssure e l e v a t i o n  has been s p o r adically r e p o r t e d 
[ 1 6 4 - 1 6 6 ]  but no w e l l - c o n t r o l l e d  study has been done of the 
r e l a t i o n s h i p  to pesticide exposure. S a n difer et al [164] 
r e p orted on a lon g - t e r m  study of p esticide-exposed workers ir 
which systolic b lood pressure was elevated a m o n g  a coh o r t  of 
forirulators and pest control ope r a t o r s  as c o m p a r e d  with m a t c h e d
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controls- This ele v a t i o n  was c o rrelated with blood DDT and DDE 
levels. There were no di f f e r e n c e s  between e x p o s e d  and c o n t r o l s 
in siToking, family history of hyp e r t e n s i o n  or diabetes, and 
e d u c a tional level.
Richardson et al [ 165] stud i e d  23 p e s t i c i d e  formul a t c r s  
e x p o s e d  to various pesticides including c h l o r i n a t e d  hydrocarbons, 
eg, EDT, OP compounds, eg, parathion, and carbamates, eg, 
carbaryl. The 23 exposed f ormulators and 20 c o n trols were tested 
for c a t e cholamine and c o r tisol metabolism. Blood p r e ssure was 
m e a s u r e d  in all. Epinephrine and n o r e p i n e p h r i n e  c o n centrations 
in plasma and urine were lower in the e x p o s e d  group, while 
urin a r y  m e t a n e p h r i n e  concentrations were similar in both groups. 
Mean systolic b lood pressure was higher in the exposed group and 
c o r r e l a t e d  s i g n i f i c a n t l y  with blood DDT levels.
Morton and cow o r k e r s  [166] examined the e f f e c t  of pesticide 
e x p o s u r e  on b lood pressure. The b lood pressures of 153 pesticide 
workers from 28 different pesticide m a n u f a c t u r i n g  and f o r m u lating 
p lants in Oregon and of 76 controls were measured. Sixty-nine of 
the workers were from one phenoxy herbicide plant. The controls 
were medical center employees. No difference was found in mean 
s y s t o l i c  and d i a stolic blood pressure among the three groups, tut 
38% of the phenoxy h e r b i c i d e  workers had s y s t o l i c  blood p r e ssure 
grea t e r  than 150 an d / o r  diastolic blood p r e ssure greater than 90, 
compa r e d  with 29/? of all other pesticide workers and 30% of 
controls. There was a higher fre g u e n c y  of family history of 
h y p e r t e n s i o n  in the h e rbicide group, suggesting that the 
w o r k p l a c e  had l i t t l e  in f l u e n c e  on the freguency of hyp e r t e n s i o n
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(k) C a r c i n o g e n i c  Effects
Relating specific ca u s a t i v e  agents to cancer in humans is a 
difficult task and requires properly d e s i g n e d  e p i d e m i o l o g i c  
studies. These studies involve the c o r r e l a t i o n  of an increase in 
c a n c e r  i n c i d e n c e s  as compared with expected incidence among 
oc c u p a t i o n a l l y  exposed workers. Such cor r e l a t i o n s  are difficult 
because workers t y pically have repeated e x posures to m u l t i p l e  
s u b s t a n c e s  in the workplace. Furthermore, workers are often 
transient, which m a k e s  these studies much m ore difficult.
Arsenical pesticides have been shown to cause human cancer. 
Roth [76] des c r i b e d  47 German vineqrowers c h r o n i c a l l y  p o i soned by 
occu p a t i o n a l  exposure to a r s e n i c a l  i n s e c t i c i d e s  in the vineyards  
and by a r s e n i c - c o n t a m i n a t e d  wine. Cancer was listed as the cause 
of death in 30 of the 47 cases (64%) , and mali g n a n c i e s  were 
o b s e r v e d  in an a d d i t i o n a l  three cases. In the 33 subjects with 
malignancies, a total of 75 tumors was found including tumors of 
the lung, skin, liver, larynx, bile duct, esophagus, and tongue. 
Br o nchial cancer was listed as the cause of death in 16 cases, 
and 6 of these i ndividuals also had fro m  1 to 4 s k i n  cancers. In 
the 2 cases where death was a t t r i b u t e d  to c a n c e r  of both lungs, 
both subjects also had skin cancer and 1 had cancer of the 
larynx. The indiv i d u a l  who died of cancer of the bile duct also 
had a bronchial carcinoma. Of the 6 in d i v i d u a l s  with liver 
sarcoiras, 1 also had 2 skin cancers. And, of the 5 cases with 
e s o p h a g e a l  cancer, 1 also had cancer of the tongue and a n o t h e r  
had 3 skin cancers. In the 3 individuals who did not die froir
in the worker s studied.
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th e i r  m a l i gnancies, 18 skin cancers were found. In 8 cases, 
"arsenic cirrhosis" was listed as a cause of death and was 
observed in an a d ditional 25 cases.
In anot h e r  study, Baetjer and coworkers [50] discussed the 
m o r t a l i t y  of retired workers with e x p o s u r e  to arsenical
p e s t i c i d e s  during the m a n u f a c t u r e  of calcium, sodium, and lead 
arsenate. Of 22 deaths a mong the retirees, 17 were due to 
cancer. The e x p ected cancer deaths for the group was 4.43, based 
on the general Ealtimore population. 'By site, the ratio of 
o b s e r v e d  to expec t e d  cancer deaths was 10/1.49 (6.71) for
r espir a t o r y  cancer, 3/1 (3.0) for lymphatic and h e m a t o l o g i c
canc e r s  (lymphosarcomas), and 4/2.69 (1 . 49) for all other
neoplasms. A death rate a n a l y s i s  was also conducted, and once 
again, cancer m o r t a l i t y  was found to be signi f i c a n t l y  increased.
In a study by Axelson and Sundell [59], an excess of all 
can c e r  types was found in Swedish railway workers who pri m a r i l y  
used amitr o l e  (a t r i a z o l e  derivative), 2,4-D, and 2,4,5-T.^ The 
e l e v a t e d  incidence of cancer seemed primarily associated with
ex p osure to a m i trole and c o m b i n a t i o n s  of a m i t r o l e  with other
pesticides. This compound has also been shown to be carc i n o g e n i c  
in animals [58 ].
NIOSH has r ecommended that aeryl o n i t r i l e  be handled in the 
w or k p l a c e  as a probable o c c u p a t i o n a l  c a r c i n o g e n  [69]. This 
recoir.irendation is based on the results of animal studies and a 
r ecent p reliminary e p i d e m i o l o g i c  study of 470 textile workers 
e x p o s e d  to a c r y l o n i t r i l e  during p o l y m e r i z a t i o n  which i n d icated an 
e x c e s s  incidence of lung and colon cancer among workers with
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p o t e n t i a l  a c r y l o n i t r i l e  exposure. A total of 16 cancer cases 
occurred between 1969 and 1975 among the cohort first e x p o s e d  
b e t w e e n  1950 and 1955; only 5.8 cancer cases would have beer 
e xp e c t e d ,  based on company rates (excluding the cohort). 
However, as is c o m m o n l y  the case, workers may have been e x p o s e d  
to a variety of other c h emicals which may have acted on the 
biologic s y s t e m  s y n e r g i s t i c a l l y . Also, the resu l t s  of the study 
are preliminary, a p p r o x i m a t e l y  o n e - t h i r d  of the cohort having 
been studied [81].
The NIOSH c r i t e r i a  document on coal tar products [82] 
i n c l u d e d  an evalu a t i o n  of the biologic and health effe c t s  of 
creosote. O v e r e x p o s u r e  to creosote caused burns, conj u n c t i v i t i s , 
depression, headaches, vertigo, transitory confusion, and na u s e a  
[82]. S g u a m o u s - c e l l  c a r c i n o m a s  were also r e p orted for a c r e o s o t e  
f act o r y  worker and a pain t e r  who scoured with creosote [82]. 
S k i n  tumors were found in c r e s o t e - t r e a t e d  mice, rats, and dogs, 
and lung tu m o r s  were found in mice. NIOSH has recommendad that 
cr e o s o t e  be handled in the workplace as a probable c a r c i n o g e n  
[82].
Benzene has been assoc i a t e d  with a variety of h e m a t o l o g i c  
a b n o r m a l i t i e s  including leukemia. Forni and Vigliani [77] 
e s t i m a t e d  that at least 150 b e n z e n e - r e l a t e d  leukemia cases have 
b een reported. In a d d i t i o n  to these case reports, seve r a l  
epideiriologic studies have also a s sociated benzene with cancer. 
M c M ichael [78 ]  studied a co h o r t  of rubber workers with solvent 
exposure. The results suggested an increased risk of death froir 
l y m p h a t i c  l e u k e m i a  in those exposed to solvents. The authors
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dem o n s t r a t e d  a d o s e - r e s p o n s e  of both duration and intensity of 
solvent exposure with lymphatic leukeiria.
Infante et al [79,80] reported results of an e p i d e m i o l o g i c
study of P l i o f i l m  workers exposed to benzene. The study
i d e n t i f i e d  a statistically significant excess in c i d e n c e  of 
leukemia in benzene exposed workers compared to a none x p o s e d  
control population. A fivefold excess of t o t a l  leukemia and 
tenfold excess of my e l o m o n o c y t i c  leukemia were found. UIOSH has 
recorrirended that benzene be handled in the workplace as a 
probable c arcinogen and OSHA has also r e g u l a t e d  the c o m pound as 
an occupational carcinogen.
Cert a i n  c o m p o u n d s  of h e xavalent c h r o m i u m  have also been
i m p l i c a t e d  as carcinogens on the basis of human and animal 
studies. C h r o m i u m  c o mpounds implicated in these studies have 
lead NIOSH to infer that all hexavalent chromate salts of 
alkaline earth metals are probable human c a r c i n o g e n s  and this 
would include the pesticides zinc m e r c u r y  chromate and copper
zinc chromate [83].
Barthel [167] investigated the tumor incidence in 316 
long-term expo s e d  pesticide workers in the Newbrandenburg  
district of Germany. There were 30 cases of tumors of which 11 
were bronchial carcinomas. The incidence of bronchial carcinorra 
in the group was 20 times that expected in an a g e - s pecific 
general population. Frequency at all other cancer sites did not 
differ signi f i c a n t l y  from expected. E x p osure to pesti c i d e s  
ranged fro- 6 to 23 years and i n c luded p h e n o x y a c e t i c  derivatives, 
OC's, O P ’s, organic nitro derivatives, and some arsenic
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compounds. Since the workers were e x p o s e d  to various c h e m i c a l  
c o m p o u n d s  s i m u l t a n e o u s l y  or alternately, the c a r c i n o g e n i c  effect 
could not be assoc i a t e d  with any one specific pesticide.
Although the l i terature contains n u m e r o u s  repo r t s  of 
pe s t i c i d e  poisonings, many of these resulted from exposure modes 
that are not usually e x p e r i e n c e d  in the workplace. In those 
cases where the exposure took place during the m a n u f a c t u r e  or 
f o r m u l a t i o n  of pesticides, exposures were seldom limited to a 
s i n g l e  substance. E v aluation of the hazard involved in the 
m a n u f a c t u r e  of pesticides is further c o m p l i c a t e d  by the s c a rcity 
of successful e p i d e m i o l o g i c  studies. E p i d e m i o l o g i c  studies are 
h a m p e r e d  by the diff i c u l t i e s  involved in i dentifying a suita b l e  
c o h o r t  of emp l o y e e s  and control group. In view of the 
l i m i t a t i o n s  encoun t e r e d  in both poisoning cases and e p i d e m i o l o g i c 
studies, it is important to use animal test results to predict 
and, in some cases, to reinforce effects in humans.
Effects in E x p e r i m e n t a l  Animals
T oxico l o g i c  e v a l u a t i o n s  of pesticides have for many years 
f o c u s e d  on c o m m o n  laboratory animals as the expe r i m e n t a l  irodel 
for man's physiological, biochemical, metabolic, and pat h o l o g i c a l  
response to these chemicals. These evaluations have produced a 
l arge body of in f o r m a t i o n  on the local and s y s temic e f f e c t s  of 
p e s t i c i d e s  in animals. In recent years there has b e e n  an 
e m p h a s i s  on o b t a i n i n g  better i nformation on chronic e x p o s u r e  
effects. T his e m p h a s i s  has led to the finding that some 
p e s t i c i d e s  are animal carcinogens. In addition, other
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i r r e v e r s i b l e  effects such as teratogenicity, mut a g e n i c i t y  and 
re p r o d u c t i v e  dis o r d e r s  have been observed in animals. In the 
f o l l o w i n g  sections, various aspects of acute and c h r o n i c  
p e s t i c i d e  t o x i c i t y  will be discussed.
(a) The Acute Toxicity of Pesticides
While acute toxicity d e t e r m i n a t i o n s  have been c o nducted in 
various animal species including the rat, mouse, hamster, guinea 
pig, rabbit, cat, dog, and monkey, such measureirents are irost 
comironly made in the rat and the mouse. The large body of 
toxicity data which exists for t hese two species m a k e s  it 
po s sible to e v a l u a t e  the toxicity of a pesticide relative to 
other pesticides.
A number of genetic and e n v i r o n m e n t a l  factors c o n t r i b u t e  
to the variability of acute toxicity. One major factor is the 
d i f f e r e n c e  in the su s c e p t i b i l i t y  of the expo s e d  in d i v i d u a l s  of 
any species, including man. While individual variability airong 
a n i m a l s  and man is not predictable, other variables are. Aniirals 
of the same strain but of different sexes o f t e n  provide marked 
differences in the acute LE50's when tested. Compar i s o n s  of the 
oral toxicity of 85 p e s t i c i d e s  by Gaines revealed m a l e - f e m a l e  sex 
ra t i o s  of the LD50's ranging from 0.2 1 to 4.62 £99]. V a r i a b i l i t y  
a l s o  occurs between different routes of exposure. Gaines 
d e t e r m i n e d  that the ratio of dermal-oral LD50's for 57 com p o u n d s  
tested by both routes ranged from 0.2 to 21.0.
Old and young animals of one species may differ rather 
m a r k e d l y  in their response t o  pesticides as s hown by di f f e r e n c e s  
in their acute LDSO's. Brodeur and DuBois £168] tested 16 OP and
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c a r b a m a t e  com p o u n d s  in both adult and weanling rats and found 
that 15 were more toxic in w e a nling than in adult rats by ID50 
ra t i o s  that varied from 1.25 to 4. Only s c h r a d a n  was more toxic 
t o  adults and by a ratio of 5 to 1. Increased s u s c e p t i b i l i t y  of 
n e w b o r n  animals to toxic agents can be e x p l a i n e d  as res u l t i n g  
frorr the un d e v e l o p e d  state of th e  d e t o x i c a t i o n  m e c h a n i s m s  of 
n e w b o r n  animals [168]. Lu et al [169] found that DDT and 
d i e l d r i n  were 20 and 5 times as toxic, respectively, to a dult as 
to newborn Wistar rats, whereas, 99.655 m a l a t h i o n  was almost 30 
t imes as toxic to newborn as to adult rats [169].
An effect of ambient t emperature on toxicity has also teen 
demonstrated. Increased toxicity with i n c r e a s e d  temperature has 
b e e n  found by Furman et al [170] for DNP.
Diet also m o d i f i e s  a cute toxicity. The presence of fat in 
the diet has a tendency to increase the a b s o r p t i o n  of n o n p o l a r 
p e s t i c i d e s  and thus lower acute LD5Q values. Both rats and rrice 
d e m o n s t r a t e d  i n c r e a s e d  toxic effects from DDT on a 15% fat diet 
c o m p a r e d  to a 5% fat diet. The protein content of diets can also 
m o d i f y  the degree of acute toxicity [17 1]. Boyd and Krijnen 
[17 1] showed a marked increase in carbaryl toxicity in rats on a 
protein deficient diet. The oral LD50 of c a r b a r y l  was reduced 
from 575 mg/kg on a 27% protein diet to 84 m g / k g  on a 3% prot e i n  
diet.
The toxicity of a pesticide can be i n c r e a s e d  or dec r e a s e d  
if it is present in animal or man in c o n j u n c t i o n  with a n o t h e r 
a c t i v e  compound which affe c t s  its metabolism. P o t e n t i a t i o n  is 
o f t e n  the result of i nhibition of d e t o x i f i c a t i o n  mechanisrrs.
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wher e a s  a n t a g o n i s m  is o f t e n  the result of e n z y m a t i c
d e t o x i f i c a t i o n  [172-174]. E xperiments have s hown that c e r t a i n 
pesti c i d e s  d r a m a tically p o tentiate the toxicity of other 
pesticides. F r a w l e y  et al [175] observed that the lethal doses 
for EPN and m a l a t h i o n  when adm i n i s t e r e d  s e p a r a t e l y  to dogs were 
2 30 mg/kg and >4,300 mg/kg, respectively. However, when they 
adm i n i s t e r e d  the pesti c i d e s  simultaneously, the dogs died at dose 
levels of 2 mg/kg EPN and 100 mg/kg malathion. This s y n e r g i s m  
e x t e n d e d  to the inhibition of e r y t h r o c y t e  ChE. S u b c h r o n i c  
feed i n g  of both compounds to dogs produced low blood Chi
i n h i b i t i o n  at exposure levels o n e - h a l f  to o n e - t h i r t i e t h  of those 
r e q uired for the s e p arate compounds to exert similar effects.
Similar ex p e r i m e n t s  c o n ducted with rats resulted in i n c reased ChE
i n h i b i t i o n  but to a lesser extent than in dogs [175]. Other 
m e c h a n i s m s  for potentiation and a ntagonism also exist [172,173].
The p r e sence of OC pesticides, such as dieldrin, has 
reduced the toxicity of several OP pesticides. Apparently the CC 
stim u l a t e s  e n z y m a t i c  d e t o x i f i c a t i o n  of the OP [172,173].
Another factor affecting toxicity is fractionation. This 
concerns the time over which the total dose is a d m i n i s t e r e d  or 
the adminis t r a t i o n  of the total dose in smaller subunits. 
Normally, f r a c t i o n a t e d  adminis t r a t i o n  allows more time for the 
p e s t i c i d e  to be detoxified or excreted. Where the toxic agent is 
actua l l y  the m e t a b o l i t e  of the pesticide, such decreased t o x i c i t y  
may net result [176].
Obviously, toxicologic m e chanisms of pesticides are far 
m ore complicated than acute testing n o r m a l l y  reveals.
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Variat i l i t y  in toxicity according to sex, age, route of exposure, 
diet, e n v i ronment, and m u l t i p l e  e x posures c e r t a i n l y  applies to 
humans as well as to exp e r i m e n t a l  animals. Factors a f fecting 
toxicity of p e sticides in the w o rkplace should a l w a y s  be 
considered, e s p e c i a l l y  in light of the r ange of s u s ceptibility 
e x h i b i t e d  by most heter o g e n e o u s  populations.
While the p r e vious discu s s i o n  of acute toxicity applies to 
a general u n d e r s t a n d i n g  of the subject, some studies have 
elemer.ts deserving special consideration. I n h a l a t i o n  and derrral 
t o x icity studies deserve e l a b o r a t i o n  in view of their r e l a t i o n  to 
o c c u p a t i o n a l  exposures.
(1) I n halation Toxicity Studies
Study of the toxicities of substances in a n i m a l s  by 
i n h a l a t i o n  is of great s i g n i f i c a n c e  to the field of i n d u s t r i a l  
toxicology. Except for iv injection, i n halation is the most 
e f f e c t i v e  and rapid route for the entry of substances into the 
b o d y  and for production of toxic effects. Many o f  the probl e m s  
of wo r k e r - i n d u c e d  systemic toxicity have r e s u l t e d  from inha l a t i o n  
e x p o s u r e  as described earlier.
Because chronic inhal a t i o n  toxicology experi m e n t s  are 
e x p e n s i v e  and d i fficult to perform, r e latively few l o n g-term 
stud i e s  of thi s  nature have been performed for p esticides, 
d esp i t e  their importance. Such e x p e r i m e n t s  require that animals 
be placed in special e x p o s u r e  chambers that have intake ard 
e x h a u s t  systems as well as some m e c h a n i s m  for m aintaining a 
c o n s i s t e n t  and m e asurable c o n c e n t r a t i o n  of the pesticide. These 
experi m e n t s  are difficult to conduct, espe c i a l l y  for stud i e s  of
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dusts- In m a n y  experiments, animals are o ften removed from the 
i n h a l a t i o n  chamber and replaced on an e s t a b l i s h e d  regimen during 
the expe r i m e n t a l  period.
Because of the e x p e r imental difficulties, a single discr e t e  
dose cannot be administered, and few experiments utilize the same 
per i o d  of exposure, making dose compa r i s o n  difficult. The 
o b s e r v e d  toxicity value may be different from that o b t a i n e d  
or a l l y  b e c a u s e  c h e m i c a l s  a b s orbed through the lungs partly bypass 
the liver, where most detoxif i c a t i o n  occurs. On the other hand, 
s o m e  compounds are a c t ually activated by l iver enzymes, eg, 
p a rathion, and inf this case, the direct path to the liver 
res u l t i n g  f r o m  oral a d m i n i s t r a t i o n  could result in greater 
toxicity than would be expected through inhalation.
(2) Dermal Toxicity Studies
The term dermal t o x i c i t y  includes the production of 
local effects on the skin and of systemic toxic e f f e c t s  by 
c u t a n e o u s  a b s o r p t i o n  of pesticides.
Because of the importance of c o n t a m i n a t i o n  of the skin in 
the industrial setting, many acute dermal toxicity experiments of 
p e s t i c i d e s  have been conducted. Dermal exposure may be a 
par t i c u l a r l y  h a z a r d o u s  aspect of o c c u p a t i o n a l  contact with 
p e s t i c i d e s  because workers may not be aware that c e r t a i n  
c o m p o u n d s  have a r e markable ability to penetrate the skin. 
Gaines [177] has found a closer relation b e t w e e n  the derrral 
t o x i c i t i e s  of some p esticides in rats and the o c c u r r e n c e  of 
occ u p a t i o n a l  p o i soning than between oral t o xicities and 
o c c u p a t i o n a l  poisoning. He reported that d i e ldrin has an oral
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LD5) in the same order of m a g n i t u d e  as lindane and DDT, 46, £8,
and 113 mg/kg, respectively. However, at that time Hayes [178] 
had reported 100 cases of d i e l d r i n - r e l a t e d  o c c u p a t i o n a l  
p ois o n i n g .  Gaines was not aware of any o c c u p a t i o n a l  pois o n i n g s  
a s s o c i a t e d  with DDT or lindane, but he s p e c u l a t e d  that this 
p h e n o m e n o n  was due to dieldrin's dermal LD5) of 90 m g/kg as 
compared with those of lindane (1,000 mg/kg) and DDT (2,510 
mg/kg) [177].
Local skin effects produced by pesti c i d e s  are also of 
m ajor concern and include local i r ritation and the development of 
h y p e r s e n s i t i v i t y  (allergic reactions) to the substances. The 
irr i t a n c y  or direct dermal toxicity of compounds is c o m m o n l y  
eva l u a t e d  by a p p lying the c o m pound to the shaved skin of the 
rabbit. A l l e rgenicity or h y p e r s e n s i t i v i t y  frequently is 
e v a l u a t e d  by a p p l i c a t i o n s  to the shaved skin of guinea pigs.
(b) Chronic T o x i c i t y
Studies of chronic toxicity in anim a l s  have not been 
r e p orted in the open l i t e r a t u r e  for the majority of r e gistered 
pesticides. S t u d i e s  that have been r e p orted have resulted in the 
o b s e r v a t i o n  of irreversible toxic effects which have not teen 
d e t ected by acute toxicity studies. The organ most f r e q u e n t l y  
d a m a g e d  is the liver, the major site of d e t o x i c a t i o n  of cheirical 
substances. The CNS, the peripheral nerves, the kidneys, and 
other organs may also be irreversibly affected. The irajor 
i r r e v e r s i b l e  effects observed in e x p e r i m e n t a l  animals and in in 
vitro test systems i n c l u d e  carcinogenesis, mutagenesis, 
t e r a t o g e n e s i s  and other r e p r o d u c t i v e  effects, and neurotoxicity.
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W hile testing for m u t a g e n e s i s  and t e r a t o g e n e s i s  does not 
ne c e s s a r i l y  involve chro n i c  exposure, such effe c t s  are severe 
e n o u g h  to warrant d iscussion here. M utagenesis testing itself 
may reguire a irult igenerat ional study to detect affected 
individuals. All of these will be d i scussed in the following 
sections. From an occ u p a t i o n a l  point of view, dermal and 
inh a l a t i o n a l  e x p o s u r e s  in chronic animal studies are more 
a p p l i c a b l e  to the actual workplace sit u a t i o n  than is oral 
exposure.
(1) Ca r c i n o g e n e s i s
Much concern for the health of workers in the 
p e s t i c i d e  industry cent e r s  around the possibility that they may 
be developing cancer as a result of their e x p o s u r e  to com p o u n d s  
in the workplace. As d i s cussed earlier, exposure to a r s e n i c a l  
pe s t i c i d e s  has been a s s o c i a t e d  with increased risk of devel o p i n g  
sk i n  cancer, leukemia, and lung can c e r  in pesticide workers [48]. 
E xposure to vinyl chloride, a p e sticide intermediate, has 
r esulted in the induction of liver cancer [179]. The finding of 
s imi l a r  tumors in e x p e r i m e n t a l  animals [180] and in workers 
expo s e d  to vinyl chloride has lent credence to the belief that 
animal toxicity experiments are significant in judging whether 
i n d u c t i o n  of human cancer by a given c h e mical is likely.
Inorganic arsenic compounds, a c r y l o n i t r i l e , benzene, 
amitrole, certain h e xavalent chromium compounds, and creosote, 
all of which have been reviewed earlier in the document, are 
c o n s i d e r e d  by NIOSH to be probable ca r c i n o g e n s  based on evidence 
f r o m  both humans and exp e r i m e n t a l  animals. The following is a
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review of 113 additional pesticides with respect to c a r c i n o g e n s  
b a s e d  on evide n c e  from both humans and exp e r i m e n t a l  animals. Cf 
the 113 c o m p o u n d s  reviewed, 26 (see Table XIV-8) are c o n s i d e r e d  
s u s pected o c c u p a t i o n a l  c arcinogens based on evidence found in 
an i m a l s  and p r e s e n t e d  herein. C a r cinogenicity data are r e v i e w e d  
also for 27 pest i c i d e s  for which the evidence for or against 
c a r c i n o g e n i c i t y  in test animals is inconclusive. These co m p o u n d s  
reguire further testing before they can be termed sus p e c t e d  
o c c u p ational carcin o g e n s  or placed in the final group of 
p e s t i c i d e s  for which data from e x p e r i m e n t s  with animals have 
their c a r c i n o g e n i c  potential. Of the 113 com p o u n d s  reviewed, 26 
(see Table XIV-8) are NIOSH has placed 60 pesticides in this 
final category. Remaining unre v i e w e d  are a p p r oximately 1,300 
p e s t i c i d e s  for which data were not available.
(A) Suspected O c c u pational C a r c i n o g e n s
NIOSH r e c o m m e n d s  that the f o l lowing  
p e s t i c i d e s  should be handled in the workplace .as s u s p e c t e d  
o c c u p a t i o n a l  carcinogens. Pesticides are included in this 
cl a s s i f i c a t i o n  if labor a t o r y  studies indicate a s t a t i s t i c a l l y  
significant r e l a t ionship b e t w e e n  tumor development and p e s ticide  
a d m i n i s t r a t i o n  in one or more m a m m a l i a n  species.
(i) A l d r i n / D i e l d r i n
After r e viewing the available world 
literature, NIOSH has d etermined that aldrin and dieldrin should  
be handled in the workplace as s u spected occ u p a t i o n a l  c a r c i n o g e n s
[2]. The I n t e r n a t i o n a l  Agency for Research on Cancer (IARC) 
r e v iewed the liter a t u r e  on the c a r c i n o g e n i c i t y  of these two
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co mpounds in 1974 and found no evidence for the i n d u c t i o n  of 
cancer in animals by aldrin, but did link aldrin with its 
m e t a b o l i t e  dieldrin. D i e l d r i n  was concluded to be a 
h e p a t c c a r c i n o g e n  in mice [181]. In 1972, EPa concluded that 
dieldrin was a c a r c i n o g e n  in the mouse [182] and restricted its 
usage based partially on that c o n c l u s i o n  (Federal Register 
39:7246, October 18, 1974).
(ii) Bis (2-chloroethy 1) Ether
Bis (2-cholorethyl) e ther was a d m i n ­
iste r e d  by Bio n e t i c s  Research Labs [4] daily by stomach tube to 
two groups of 18 male and 18 female B6C3F1 and B6AKF1 mice at a
r a t e  of 100 m g / k g  for 21 days. This was part of a scr e e n i n g
study in which 106 pesticides were, tested for c a r c i n o g e n i c i t y  for 
NCI. The c h e mical was s u b s e quently administered at a 
c o n c e n t r a t i o n  of 300 ppm in the diet for 80 weeks. H e p a t o m a  
i n c i d e n c e  was 14 tumors/16 male B6C3F1 treated mice and 9 
t u mors/17 male B6AKF1 treated m i c e  compared with 8 tumors/79 and 
5 tuirors/90 male control mice of the respe c t i v e  strains. The 
i n c i d e n c e  in females was 4 hepatomas/18 and 0/18 treated mice 
c o m p a r e d  with 0 tumors/87 and 1 tumor/82 in the controls of the 
resp e c t i v e  strains. Hepatoma i n c idence was s ignificant at a 
level of P=0.01 [4 ].
In the same study [4], subc u t a n e o u s  injections of 215 
m g / k g  were a d m i n i s t e r e d  once per animal to the same strains. 
R e t i c u l u m  cell sarcomas occurred more freg u e n t l y  in the treated
m i c e  than if\ c o n t r o l s  (P = 0. 01) . In B6C3F1 males, the in c i d e n c e
of sarcomas was 4/15, while B6AKF1 males had an incidence of 2/14
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c o m p a r e d  with 8/27 and 0/8 in controls, respectively. F e m a l e s  
had 1/17 and 1/18 in treated animals and 1/9 and 5/17 in 
controls, r e s p e c t i v e l y  [4]. The IARC reviewed the literature in 
1975 and found bis (2-chloroethyl) ether to be an aniiral 
c a r c i n o g e n  [183].
(iii) Bis (2-hydroxyethyl) dithio- 
carbairic Acid, P o t a s s i u m  Salt
In the Bionetics study reported in 
1968 [4], 18 male and 18 female B6C3F1 and B6AKF1 m ice were
a d m i n i s t e r e d  464 mg/kg b i s (2 - h y d r o x y e t h y l ) d i t h i o c a r b a m i c  acid, 
po t a s s i u m  salt, by oral intubation at 7 days of age. Th e  same 
am o u n t  was g iven daily until the mice were 28 days old, at which 
t i m e  the compound was m i x e d  with the ground feed at 1,112 ppm; 
the diet continued for 80 weeks. The total number of mice that 
dev e l o p e d  tumors was signif i c a n t  at a level of P=0.01; the 
o c c u r r e n c e  of hepatomas among the tumor types was also 
signif i c a n t  at the same level. In male B6C3F1 treated mice, 16 
t u m o r s  developed in 14/16 (88%) mice; 13 were hepatomas. In male
B6C3F1 controls, 23 tumors developed in 22/79 (28%) mice, 8 of 
which were hepatomas. The tumor i n cidence in B6C3F1 fema l e s  was 
13/18 (72%) (12 hepatomas) compared with 8/87 (9%) (0 hepatoiras)
in controls. In 13/17 (76%) B6AKF1 male survivors, 14 tumors
were found (13 were hepatomas). In B6AKF1 male controls, 17 
tu m o r s  (5 hepatomas) were found in 16/90 (18%) mice. The number
of female B6AKF1 mice which d e veloped tumors was 7/16 (44%), and 
3/7 were hepatomas. In c o n t r o l  mice of the same sex and strain, 
9 tumors were found in 7/82 (9%) mice; one was a hepatoma [4].
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Ethylene thiourea (ETU) is an i m p urity and de g r a d a t i o n  
product of e t h y l e n e b i s d i t h i o c a r b a m i c  acid (EBDC) f ungicides  
[ 18 4 , 1 8 5 ]  including bis (2-hydroxyethyl) d i t hiocarbamic acid, 
p o t a s s i u m  salt. ETU is also the principal product of the in vivo 
m e t a b o l i s m  [ 1 8 6 ]  and in vitro d egradation [18 7 - 1 8 9 ]  of EEDC 
fungicides. Crops sprayed with EBDC compounds have contained ETU 
in subsequent field studies [190-192]. Because ETU has induced 
c a n c e r  in m ice and rats [4,193] and is a m e t a b o l i t e  of EEDC 
fungicides, all EBDC fungicides should be hand l e d  as s u s pected 
ca r c i n o g e n s  in the workplace. These include the calcium, 
diammonium, d i s odium ( n a b a m ) , mag n e s i u m  (maneb), p o tassium 
ammonium, and zinc (zineb) salts and all c o o r d i n a t i o n  p r o ducts of 
these salts.
(iv) 2 - ( p -tert-Butylphenoxy)- 
i s o F r c p y l - 2 - c h l o r o e t h y l  Sulfite
The miticide 2 - ( p - t e r t - b u t y l p h e n o x y ) - 
i s o p r o p y 1 - 2 - c h l o r o e t h y l  sulfite was tested in mice and used as a 
positive cont r o l  in a large s c r eening study for NCI [4]. Groups 
of 18 male and 18 female B6C3F1 and B6AKF1 mic e  were a d m i n i s t e r e d  
464 mg/kg 2 - ( p - t e r t - b u t y l p h e n o x y ) - i s o p r o p y l - 2 - c h l o r o e t h y l  sulf i t e  
by oral i n tubation from 7 to 28 days, followed by a diet of 1,112 
ppm for 78 or 81 weeks. The nu m b e r  of h e p a t o m a s  and the total 
number of mice o b s erved with tumors were s i g n i f i c a n t  at levels of 
P=0.Q5 and P=0.01, respectively. Seven of the 16 B6C3F1 male 
s u r v i v o r s  had tumors compared with 22/79 in male controls; 8/17 
females of the same strain developed tumors as compared with 8/87 
in ferrale controls. Five out of 7 tumors in B6C3F1 males were
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h epatomas, and 8/23 were h e patomas in male controls. One out of 
8 turners in female B6C3F1 m i c e  was a hepatoma; no hepatomas were 
found in the controls. I n  the B6AKF1 strain, 2/17 males had 
t umors (one was a hepatoma), compared with 16/90 male c o n t r o l s  (5 
h e p a t c m a s  among 17 tumors). Four of the 16 female B6AKF1 
sur v i v o r s  had tumors other than hepatomas. In B6AKF1 female 
c o n trols, one h e p a t o m a  was found a m o n g  9 tumors in 7/82 mice [4].
The m i t i c i d e  was also tested in rats and dogs [194], In 
rats fed 400 ppm, 7/90 (8%) developed tumors: 2 liver carcinoiras
and 5 bile duct adenomas. None of the 193 controls p r o d u c e d  
s i m i l a r  lesions. Dogs fed 500 or 828-1,420 ppm for 3.5 years 
were studied. All 14 animals surviving 811 or more days
d e v e l o p e d  cancer of the biliary system while no tumors appeared  
in the c o n t r o l s  [195]. The I ARC has reviewed the literature on
this compound and has concluded that it is an animal c a r c i n o g e n  
[ 196],
(v) Captan
The fungicide captan was studied by 
NCI for c a r c i n o g e n i c i t y  in rats and mice £197]. Both sexes of 
r ats received dietary doses of 2,525 or 6,050 ppm. Both s exes of 
m i c e  received 8,000 or 16,000 ppm. Thyroid and adrenal gland
tu m o r s  were found in female rats; however, these endocrine tuirors 
w ere believed to hav e  bee n  spontaneous and not related to 
treatment. In the treated mice, incidences of polypoid c a r c i n o m a 
of the d u o d e n u m  were stati s t i c a l l y  s i g n i ficant both in male mice 
(P=G.C33), with incidences of 0/68 (0%) in the controls, 1/43
(2%) in the low- dose group, and 3/46 (7%) in the h i gh-dose
group, and in female m ice (P=0. 022), with inci d e n c e s  of 0/68 (0%) 
in controls, 0/49 (0%) in the low-dose group, and 3/48 (6%) in
the high-dose group. When the incidences of various adenom a t o u s  
polyps were combined with these of polypoid carcinoma, the 
figures for m ale mice increased s u b s t a n t i a l l y  in s i g n i f i c a n c e  
(P=0.0)8) 0/68 (0%) in the controls, 3/43 (7%) in the low-dose
group, and 5/46 (11%) in the high-dose group. NCI concluded that
under the c o n d i t i o n s  of this bioassay, tumors in the duodenum of 
m i c e  were a s sociated with a d m i n i s t r a t i o n  of captan, but there was 
no convincing e v i d e n c e  that the tumors observed in rats were 
related to treatment £197],
(vi) C a r b o n  T e t r a c h l o r i d e  
NCI tested a g roup of male rats which 
received subc u t a n e o u s  i njections twice weekly of 1.3 m1/kg of a 
50% solution of c a r b o n  t e t r a c h l o r i d e  in corn oil. Of these, 4/12 
Wis t a r  rats, 8/13 O s b o r n e - M e n d e l  rats, and 12/15 J a p anese rats, 
which had survived 70 weeks or more, d e v e l o p e d  he p a t o c e l l u l a r  
carcinomas. No tumors were induced in the 12 rats of each strain 
in the control group. It was concluded that* carbon t e t r a c h l o r i d e  
can induce carci n o m a s  of the liver in rats £198]. NCI has also 
used carbon t e t r a c h l o r i d e  as a positive control c h e m i c a l  in 
b i o a s s a y  testing £ 199 ].
Della Porta et al, i n  an NCI study £200], a d m i n istered 30 
weekly doses of 0.0625-0.125 m l/kg carbon tetrachloride to 10 
mal e  and 10 female hamsters by intubation. l iver-cell carcinonras 
d e v e l o p e d  in five animals of each sex that survi v e d  10 or more 
weeks after the c e s s a t i o n  of treatment. No controls were
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r e p o r t e d .
As a result, of a review of all a v ailable data on aniiral 
bioassays, NIOSH r e c o m m e n d e d  that o c c u p a t i o n a l  exposure should be 
limi t e d  to 2 ppm as a ceiling based on a 1-hour sampling time and 
45 liter sample, which should m a terially reduce the risk of 
c a n c e r  from o c c u p a t i o n a l  e x p o s u r e  to carbon t e t r a c h l o r i d e  [201].
(vii) Chlor a m b e n
In an NCI study [202], Osborne - M e n d e l  
r ats and B6C3F1 mice received either 10,000 or 20,000 pp m  of 
chloramben. The path o l o g i s t s  dete r m i n e d  that c h loramben did not 
in d u c e  tumors in the rats although some abnormal s y m p t o m s 
appeared. The incidence of he p a t o c e l l u l a r  c a r cinoma in both irale 
m i c e  [9/69 (13%) in controls, 16/48 (33%) in the low-dose group,
and 14/48 (29%) in the high-dose group, P < 0 . 0 2 9 ]  and female mic e 
[ 2/67 (30%) in controls, 7/48 (15%) in the l o w - d o s e  group, and
10/50 (20%) in the hig h - d o s e  group, P=0.004 ] was higher tha n  that
in the controls. However, sp o n t a n e o u s  hep a t o c e l l u l a r  carcinoma 
is not uncommon in this strain of mouse, part i c u l a r l y  in males. 
T h e r e f o r e ,  the p a t h o l o g i s t s  concluded that the hepatoc e l l u l a r  
c a r c i n o m a s  seen in treated mal e  mice were not treatment related. 
However, it was also the p a t h ologists' o p i n i o n  that the tumor 
i n c i d e n c e  in female mice had a s i g n i ficant relationship to the 
tr e a t m e n t  with c h l o r a m b e n  [ 20 2],
(viii) Chlordane
In an NCI bioassay £20 3], groups of 5 0 
mi c e  of each sex r e c eived chl o r d a n e  in the diet in c o n c e n t r a t i o n s  
of 29.9 or 56.2 ppm (male), and 30.1 or 63.8 ppm (female).
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H e p a t o c e l l u l a r  c a r cinoma showed a highly s i g n i f i c a n t  d o s e - r e l a t e d  
trend in mice. I n c i d e n c e  rates for males were: 2/18 (11%) in
controls, 16/48 (33%) in t h e  low-dose group, and 43/49 (88%) in
the high-dose group (P<0.001). For females, the i n c idence rates 
were: 0/19 (0%) in the control group, 3/47 (6%) in the l o w - d o s e
group, and 34/39 (88%) in the high-dose group (P<0.0001). EPA
has concluded that ch l o r d a n e  is c a r c i n o g e n i c  in mice and has 
r e s t r i c t e d  its usage based partially on that c onclusion (Federal 
R e g ister 41:7552-85, February 19, 1976).
(ix) Ch loro benzi late
C h l o r o b e n z i l a t e  was tested ty
Bio n e t i c s  Research Labs [4] in 18 male and 18 female B6C3F1 and
B6AKF1 mice for NCI. The mice were given a single dose of 215
m g/kg chlo r o b e n z i l a t e  by stomach tube at 7 days of age. W hen the 
aninrals were 4 weeks old, the c o m p o u n d  was administered at 603 
ppm in the diet for 83 weeks. Total tumor inc i d e n c e  and that of 
h e p a t o m a  were both increased significantly (P = 0.01). In B6C3F1 
mice, 11/17 males developed 13 tumors, 9 of which were hepatomas, 
compa r e d  with 22/79 control males with tumors, 8 of which were 
hepatomas. In females, 2/18 developed 2 n o n h e p a t o m a t o u s  tumors  
c o m p a r e d  with 8 n o n h e p a t o m a t o u s  tumors in 8/87 controls. In 
B6AKF1 mice, 8/17 males d e veloped 8 tumors, 7 of which were
hepatomas. Among control males, 16/90 developed 17 tumors, 5 of 
which were hepatomas. In treated females, 3/18 developed 3 
tumors but no hepatomas; in control females 7/82 dev e l o p e d  9 
tumors, with 1 hepatoma [4],
In an NCI bioassay £ 204 ], c h l o r o b e n z i l a t e  was fed to B6C3F1
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m i c e  and Osb o r n e - M e n d e l  rats. Average levels in the diet were 
4,221 and 7,846 ppm for male mice and 3,200 and 5,908 ppm for 
female mice, during th e  78 weeks of feeding. Dosed mice had 
s i g n i f i c a n t l y  higher incidences of h e p atocellular carci n o m a s  than 
did control mice: 4/19 (21%) in cont r o l  males compared with
32/48 (67%) in low-dose m ales (P-0.001) and with 22/45 (49%) in
hi g h - d o s e  males, (P=0.034) ; 0/20 (0%) in c o n t r o l  females c o m pared
with 1 1/49 (22%) in low-dose females (P-0.016) and with 13/50
(26%) in high-dose females (P = 0.007). Cortical adenomas in rats 
were discounted after c o m p a r i s o n  with hist o r i c a l  controls £2 04].
(x) C h loroform
A study conducted by NCI [199 ] showed 
that c h l o r o f o r m  a d m i n i s t e r e d  by gavage produced liver tumors in 
B6C3F1 mic e  and kidney tumors in Os b o r n e - M e n d e l  rats. Gr o u p s  of 
50 irale and 50 female mice (35 days old) were given two dose 
levels of c h l o r o f o r m  in c o r n  oil five times/week for 78 weeks and 
s a c r i f i c e d  after 92 to 93 weeks. The average dose .levels were 
138 and 277 mg/kg for m a l e s  and 238 and 477 m g / k g  for females. 
Except for a reduced survival in females given the higher dose, 
the survival was c o m p a r a b l e  for test and control groups. At the 
end of th e  experiment, 44/45 (98%) of the males and 39/41 (95%)
of the fema l e s  given the high dose had h e p a tocellular c arcinomas; 
18/50 (36%) of the irales and 36/45 (80%) of the females at the
lower dose developed liver carcinomas. For male controls, the 
liver tumor inc i d e n c e  was 1/18 (6%) while no tumors o c c u r r e d  in
20 feirale controls. The incidence of tumors in test animals was 
s i g n i f i c a n t l y  different (P<0. 001) from that in controls [199].
1 47
In this same study, groups of rats were started on test at 
52 days of age. Two dose levels of c h l o r o f o r m  were given by 
g a v a g e  for 78 weeks, and the animals were s a crificed 111 weeks 
after the start of the experiment. The dose levels for males
were 90 and 180 mg/kg, and females were given average levels of
100 and 200 mg/kg. The kidney epit h e l i a l  tumor i n cidence in male 
rats was s i g n i f i c a n t l y  increased (P=0.0016) over controls. No 
tumors were o b s erved in 99 controls; 4/50 (8%) and 12/50 (24%)
were noted in low- and high-dose level test groups, respectively. 
A decreased s u r v i v a l  rate was noted in all test rats [198]. 
NIOSH r e c o m m e n d e d  that o c c u p ational exposure to c h l o r o f o r m  should 
be liirited to 2 ppm as a c e i l i n g  based on a 1-hour sampling tiire 
and 45 liter sample, which should m a t e r i a l l y  reduce the risk of 
c a n c e r  from o c c u p a t i o n a l  exposure to c h l o r o f o r m  [ 205 ].
(xi) DBCP
In 1972, the NCI undertook s t u d i e s  of
the possible c a r c i n o g e n i c i t y  of the fumigant DBCP [206]. The
f i n a l  report [206] revealed that male B6C3F1 mice received 160 or 
80 mg/kg/day of DBCP by gavage for 11 weeks, 200 or 100 mg / k g / d a y  
for 14 weeks thereafter, and 260 or 130 mg/kg/day for an 
a d d i t i o n a l  22 or 33 weeks, respectively. The t i m e - w e i g h t e d  
average daily doses were 219 mg/kg for the high-dose group and
113 rrg/kg for the low-dose group. The female m ice of the same 
strain received 12 0 or 60 mg/ k g / d a y  during the first 11 weeks and 
t h e r e a f t e r  received the same doses as the males. The
t i m e - w e i g h t e d  aver a g e  doses for the females were 209 m g/kg and
109 irg/kg. O s b o r n e - M e n d e l  rats of both sexes were given
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i d entical doses: 12 or 24 m g / k g  for the first 9 weeks, 15 irg/kg
for 69 weeks (males) or 64 weeks (females) thereafter for the 
l o w - d o s e  rats, followed by a 5-week o b s e r v a t i o n  period for the 
low-dcse group males, and 30 mg/kg for 55 weeks for the high-dose 
group. For both male and female rats, the t i m e - w e i g h t e d  average 
d aily doses, 5 d a y s /  week, were 15 mg/kg for the low-dose group 
and 29 mg/kg for the high-dose one.
The i ncidences of squamous cell c a rcinoma of the stom a c h  in 
m a l e  mice were 43/46 (93%) in the low-dose group and 47/49 (96%)
in the high-dose group compared with 0/20 in controls (P<0.001). 
In female mice, squamous cell c a rcinomas of the stomach o c c u r r e d  
in C/20 (0%) controls, 50/50 (100%) low-dose animals, and 47/48
(98%) high-dose animals (P<0.001).
The incidences of stomach cancer in male rats were 0/20 
(0%) in the cont r o l  group, 47/50 (94%) in the low-dose group, and 
47/50 (94%) in the high-dose group (P<0.001). In female rats,
the i ncidences were 0/20 (0%) in the control group, 38/50 (76%)
in the low-dose group, and 29/49 (59%) in the h i gh-dose group 
(P<0.001). Adenocarcinoma of the breast appeared in 2/20 (10%)
c ontrols, 24/50 (48%) l o w - d o s e  females, and 3 1/50 (62%) high-
dos e  female rats (PC0.001).
Based on this study, OSHA has determined that DBCP p o s e s  a 
c a r c i n o g e n i c  risk to workers. OSHA has pr o m u l g a t e d  a p e r m a n e n t  
s t a ndard for o c c u p a t i o n a l  exposure to DBCP that sets p e r m i s s i b l e  
e x p o s u r e  limits of 1 ppb as an 8-hour t i m e - w e i g h t e d  aver a g e  and 
10 ppt as a ceiling (Federal Register 43:11514, March 17, 1978).
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(xii) DDT, o , p 1 - D D D , and p,p'-DDD
After a thorough review of the
a v a i l a b l e  world literature, NIOSH has d etermined that DDT should 
be handled in the workplace as a s u s p e c t e d  occ u p a t i o n a l  
c a r c i n o g e n  [31]- The DDT m e t a b o l i t e s  o,p'-DDD and p,p'-DDD have 
a l s o  caused cancer in mice [3 1]- In 1974, IARC also reviewed 
a v a i l a b l e  literature and found that DDT c a u s e d  liver cancer in 
m ice [207 ]. Similarly, EPA con c l u d e d  in 1975 that tumors were 
produced in mice ex p e r i m e n t a l l y  exposed to DDT, and EPA 
restr i c t e d  the usage of DDT b ased partially on that c o n c l u s i o n  
[208].
(xiii) EDB
The fumigant e t h y l e n e  dibromide (EDB) 
was assayed for c a r c i n o g e n i c i t y  in a study for NCI and 
p reliminary results were p u b l i s h e d  [ 209 ], Th e  final bioassay 
report is scheduled for pu b l i c a t i o n  in 1978. According to the 
p r e l i m i n a r y  results r e p o r t e d  by Powers et al [ 209 ], EDB was given 
to rats at 80 or 40 m g / k g  and to m ice at 120 or 60 mg/kg by daily 
i n t u b a t i o n  for 54 or 62 weeks, except when t o x i c i t y  forced the 
t o t a l  d i s c o n t i n u a t i o n  of a d m i n i s t r a t i o n  or red u c t i o n  of the 
m a x i m u m  tol e r a t e d  dose to that of one-half the m a x i m u m  t o lerated 
dose during the experiment. The tumors were s q u a mous-cell 
c a r c i n o m a s  which o r i g i n a t e d  in the forestomach, invaded locally, 
and m e t a s t a s i z e d  t h roughout the a b d ominal cavity. In rats, an 
averaqe of 83% of the males developed tumors vs 70% of the 
females, and t umor i n cidence was greater at the lower dose than 
at the higher dose at the t e r m i n a t i o n  of the exper i m e n t  after 54 
weeks (98 vs 68?? in m a l e s  and 82 vs 58% in females,
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respectively). The control p o p u l ations did not develop 
squarrous-cell c a r c i n o m a s  of the stomach. The fraction of irice 
that developed s q u a m o u s - c e l l  c a r c i n o m a s  was 74% in males and 72% 
in feirales by the te r m i n a t i o n  of the experiment at 90 weeks. The 
data from this single study indicate that EDB is a c a r c i n o g e n  
after daily i n t r o d u c t i o n  of about one-half the m a x i m u m  tol e r a t e d  
dose into the stomach of rats and m i c e  for up to 62 weeks [ 209 ]. 
NIOSH has r e c o m m e n d e d  a s t a n d a r d  for o c c u p a t i o n a l  e x p o s u r e  to 
e t h y l e n e  dibromide that would limit e x p o s u r e  to 1.0 mg/cu m as a 
c e i l i n g  based on a 15 minute sampling period [210],
(xiv) Heptachlor
G roups of 50 m i c e  were a d m i n i s t e r e d  
h e p t a c h l o r  in feed. T i m e - w e i g h t e d  doses a v e r a g e d  6.1 and 13.8 
ppm for male mice and 9 and 18 ppm for female mice. 
H e p a t o c e l l u l a r  c a r c i n o m a  showed a highly s i g n i f i c a n t  d o s e - r e l a t e d  
t rend in males: in the control group 5/19 (26%), 11/46 (24%) in
the low-dose group, and 34/47 (92%) in the high-dose group,
(P<0.001) and in females: 2/10 (20%) in the control group, 3/47
(6%) in the low-dose group, and 30/42 (71%) in the high-dose
group, (PC0.0001) [211]. Heptachlor was not s i g n i f i c a n t l y
c a r c i n o g e n i c  in rats. EPA has concluded that heptachlor is
c a r c i n o g e n i c  in m i c e  (Federal Register 41:7552-85, February 19, 
1976) and has restr i c t e d  its use partially based on that
c onclusion.
(xv) Kepone
In an NCI bioassay study {85], Kepone 
was fed at aver a g e  c o n c e n t r a t i o n s  of 8 and 24 ppm to male rats.
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18 and 26 ppm to female rats, 20 and 23 ppm to male mice, and 20 
and 40 ppm to female mice. C l i nical signs of toxicity were 
o b s erved in both species, i n cluding genera l i z e d  tremors and 
d erm a t o l o g i c  changes. A significant increase (PC. 05) was found 
in the inc i d e n c e  of he p a t o c e l l u l a r  carci n o m a s  in high-dose level 
rats and in mice at both dose levels of Kepone. The incid e n c e s  
in the h i gh-dose groups were 3/44 (7%) and 10/45 (22%) for ira le 
and ferrale rats, c o m p a r e d  with 0% in 105 and 100 controls, 
respectively, for both sexes; and 43/49 (88%) and 23/49 (47%) for 
male and female mice, c o m p a r e d  with 8/49 (16%) and 0/40 (0%) for 
male and female controls. For the low-dose mice the i ncidences
were 39/48 (81 %) for males and 26/50 (52%) for females. Also,
the length of time until d e t ection of the first hepatoc e l l u l a r 
car c i n o m a  observed at death was shorter for treated than control 
m ic e  and appeared inversely rela t e d  to the dose for both sexes
and species [85]. NIOSH has r ecommended that the w o rkplace 
e n v i r o n m e n t a l  level for Kepone should be limited to 1 mg/cu m as 
a t ime - w e i g h t e d  average c o n c e n t r a t i o n  [212].
(xvi) Mirex
In the screening test performed by
Bio n e t i c s  R e s e a r c h  Labs and reported in 1968 [4], mirex was
ad m i n istered b o t h  orally and subcuta n e o u s l y  in two groups of 18 
ma l e  and 18 female B6C3F1 and B6AKF1 mice. In the first study,
10 mg/kg mirex was fed to the animals by oral i n t u b a t i o n  from day 
7 to day 28, after which the compound was admi n i s t e r e d  in the 
diet at 26 ppm. Feeding was continued for 59 weeks in the male 
m i c e  cf both strains and for 70 and 69 weeks in female B6C3F1 and
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B6AKF1 mice, respectively. The nu m b e r  of mice that d e v eloped  
tumors was significant (P=0, 01), and the o c c u r r e n c e  of hepatoiras 
was also significant (P=0.0 1) among the tumor types observed. 
I n c i d e n c e  in male B6C3F1 mice was 7/18 (39%; 6 were hepatomas) 
c o m p a r e d  with 23 tumors in 22/79 (28%) c o n trols (8 were
h e p a t c m a s ) . I n  female m i c e  of the same strain, incidence was
8/16 (50%; all hepatomas) compared with 8/87 (9%; no hepatomas)
in controls. Six tumors, 5 of which were hepatomas, were 
o b s e r v e d  in 5/15 (33%) male B6AKF1 mice, c o m p a r e d  with 17 tumors 
(including 5 hepatomas) in 16/90 (18%) male controls. Tuiror
i n c i d e n c e  in female B6AKF1 mice was 15/16 (62%; all were
"hepatomas). In corresponding controls, 9 tumors, one of which 
was a hepatoma, were found in 7/82 mice (9%) [4],
In the second test, the same number of m ale and female 
B6C3F1 and B6AKF1 mice received a s u b c u t a n e o u s  inj e c t i o n  of 1,000 
m g / k g  mirex on the 28th day; the experiment was t erminated at the 
same time as the first study. The results showed that the total 
num b e r  of mice that de v e l o p e d  tumors was s t a t i s t i c a l l y
significant at F=0.01, and of the total tumors observed,
r e t i c u l u m  cell sarcomas and hepatomas occurred at a s i g n i f i c a n t  
level (P=0.01). In B6C3F1 male mice, 9 tumors were found in 8/18 
(44%) mic e  (including 6 r e t i c u l u m  c e l l  sarcomas and 2 h epatomas), 
c o m p a r e d  with 31 tumors in 27/141 (19%) male controls (including
8 r e t i c u l u m  cell sarcomas and 9 h e p a t o m a s ) . Incidence in female 
B6C3F1 treated mic e  was 0/17 (0%) c o m p a r e d  with 9/154 (6%; 1
r e t i c u l u m  cell sarcoma) in u n t reated females of the same strain. 
S e v e n  tumors (including 1 r e ticulum cell sarcoma and 4 hepatomas)
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wer e  found in 6/17 (35%) treated B6AKF1 males; the incidence in 
c o n t r o l s  was 8/161 (5%; including 1 h e p a t o m a ) . In B6AKF1 female
m ice, 3 r e t i c u l u m  cell sarcomas and 1 h e p a t o m a  were among the 
5/18 (28%) tumors observed. In female controls, 5 reticulum cell 
sarcomas were found among 18 tumors in 17/157 (11%) mice [4].
The h e p a t o c a r c i n o g e n i c i t y  of m irex has been s h o w n  in rats 
at 50 and 1)0 ppm in a chronic feeding e x p e r i m e n t  r e p o r t e d  by
U l l a n d  et al [5]. Liver lesions including n e o p l a s t i c  n o d u l e s  and
h e p a t o c e l l u l a r  carcinomas were observed. In the 50 ppm group, 
1/26 (4%) males and 0/26 (0%) females d e veloped hepatocellular
carcinomas- The incidences for the 1)) p p m  groups were 4/26 
(15%) in males and 1/26 (4%) in females. While the i n cidence of
h e p a t o c e l l u l a r  c a r c i n o m a s  is not signif i c a n t l y  increased c o m p a r e d  
with that of control animals, when n e o p l a s t i c  n o d u l e s  are 
included, the i n c i d e n c e  in high-dose males (7/26, 27%) is
si g n i f i c a n t l y  different (PC0.05) from that in controls (0/2C). 
Neit h e r  hepatic nodu l e s  nor h e p a t o c e l l u l a r  c a rcinomas were 
o b s e r v e d  in cont r o l  rats [5].
(xvii) Nitrofen
The her b i c i d e  n i t r o f e n  was b i o a s s a y e d  
for NCI [ 2 1 3 ]  at t i m e -weighted average doses of 2,300 and 3,656
pp m  for male rats, 1,300 and 2,600 ppm for female rats, and 2,348
and 4,696 ppm for both male and female mice. The incidence of 
p a n c r e a t i c  c a r c i n o m a s  had a s t a t i s t i c a l l y  si g n i f i c a n t  ( P O . Q Q 1 )  
p o s i t i v e  as s o c i a t i o n  with the c o n c e n t r a t i o n  of n i t r o f e n  in the 
diet of female rats, C/110 in the cont r o l  group, 2/50 (4%) in the 
l o w -dose group, and 7/50 (14%) in the hig h - d o s e  group. By week
154
45, 50% of hig h - d o s e  males were dead. This prevented the 
e v a l u a t i o n  of the c a r c i n o g e n i c i t y  of n i t rofen in male rats. -In 
m i c e  cf both sexes, the i n c i d e n c e  of h e p atocellular car c i n o m a  at 
b oth high- and low-dose levels was highly significant (P<0.001) 
w h e n  compared with the controls: 9/74 (12%) controls, 36/49
(73%) low dose, and 46/48 (96%) high dose, for irales and 0/80 
(0%) controls, 36/41 (88%) low dose, and 43/44 (98%) high dose,
for females. The incidence of h e m a n g i o s a r c o m a  had a 
s t a t i s t i c a l l y  s i g n i f i c a n t  relationship with n i t r o f e n
c o n c e n t r a t i o n  in the diet of high-dose male mice when c o m pared 
with controls (P=0.022). I ncidences of h e m a n g i osarcoma in male 
m i c e  were 0/74 (0%) controls, 1/44 (2%) low dose, and 4/48 (8%)
h igh dose.
(xviii) 2 - N i t r o p r o p a n e
Groups of S p r a g u e - D a w l e y  rats and New 
Z e a l a n d  W hite rabbits were exposed to c o m m e r c i a l  grade 
2 -nitro p r o p a n e  in an i nhalation study p e r f o r m e d  for NIOSH [214]. 
Fifty male rats and 15 male rabbits were exposed to 207 ppm 
2 - n i t r o p r o p a n e  for 7 hours/day, 5 days/week. k second group of 
i d e n t i c a l  c o m p o s i t i o n  was exposed to 27 ppm on th e  same schedule, 
and a third untreated group served as controls. Ten rats from 
e a c h  group w e r e ^ k i l l e d  after exposure periods of 2 days, 10 days, 
1 month, 3 months, and 6 months. Liver neoplasms, identified as 
h e p a t o c e l l u l a r  carci n o m a s  or h e p a t i c  adenomas, were o b s e r v e d  in 
all 10 rats exposed to 207 ppm 2- n i t r o p r o p a n e  for 6 months. JJo 
tumors were observed in any other test or control rats or 
rabbits. However, in rats exposed to 207 ppm for 3 months,
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he p a t o c e l l u l a r  hypertrophy, hyperplasia, and necrosis were
observed. Rats exposed to 207 ppm 2 - n itropropane for 1,3, and 6 
m o n t h s  also showed i n creased liver weights [214].
In anot h e r  inhal a + i o n  study, five species of labo r a t o r y
aniirals were exposed to acute and chronic levels of 
2-nitrop r o p a n e .  Two' a nimals of each species received treatment 
at the various exposure levels, which ranged from 9,000 ppm for 1 
hour to 83 ppm for 26 weeks. Initial results sh o w e d  no 
h i s t o l o g i c  c h a n g e s  in monkeys, rabbits, guinea pigs, and rats 
e x p o s e d  to 328 ppm, or less, for any period of time. Severe
l i v e r  damage and slight to m o d e r a t e  heart and kidney damage were 
o b s e r v e d  in two cats that died within 17 days of exposure to 328 
ppm 2-nitropropane. A s u bsequent e x a m i n a t i o n  showed clear cell 
foci in two rats that had b een expo s e d  to c o n c e n t r a t i o n s  of 300 
ppm for 119 hours. These types of lesions were sirrilar to those 
found in the above study an d  have been frequently o b s erved in 
ra t s  exposed to known hepatic c a r c i n o g e n s  prior to the
de v e l o p m e n t  of h e p atocellular carci n o m a s  [214].
While one animal study has indicated c a r c i n o g e n i c i t y  of 
2 - n i t r o p r o p a n e  in rats, a complete e v a l u a t i o n  has not been made. 
In light of this study, however, NIOSH believes t h a t  it would be 
prudent to handle 2 - n itropropane as a s u s p e c t e d  o c c u p a t i o n a l  
carcinogen. NCI is currently b i o a s s a y i n g  2-nitropropane.
(xix) 1,1, 2, 2 - T e t r a c h l o r o e t h a n e  
An NCI bioassay of
1 , 1 , 2 , 2 - t e t r a c h l o r o e t h a n e  [215] indicated that this c o m p o u n d  is 
c a r c i n o g e n i c  in mice. Groups of 50 male and 50 female B6C3F1
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mi c e  (35 days old) were given two dose levels of
1 , 1 , 2 , 2 - tetrachlor oethane in corn oil by gavage five times a week 
for 78 weeks and sacr i f i c e d  after 90 weeks. The aver a g e  levels 
were 142 and 282 mg/ k g / d a y  for both sexes. In males, 
h e p a t o c e l l u l a r  carc i n o m a s  occurred in 3/36 (8%) in the c o n t r o l  
group, 13/50 [26%) in the low-dose group, and 44/49 (90%) in
h i g h - d o s e  mice (P<0.001). In females, the same tumor was found 
in 1/^0 (3%) in the c o n t r o l  group, 30/48 (63%) in the l o w -dose
group, and 43/47 (91%) in high-dose mice (P<0.001). While no 
s t a t i s t i c a l l y  significant tumor rates o c c u r r e d  in rats and no 
c o n c l u s i v e  evidence for c a r c i n o g e n i c i t y  in rats was presented, 2 
h e p a t o c e l l u l a r  carcinomas and 1 n e o p l a s t i c  nodule (both rare ir 
male rats) were found in 49 mal e  rats, while none were found in 
c o n t r o l  rats [215],
(xx) T e t r a c h l o r o e t h y l e n e
A bioassay study by NCI [2 16] 
ind i c a t e d  that t e t r a c h l o r o e t h y l e n e  is c a r c i n o g e n i c  in mice. Male 
and female B6C3F1 mice in groups of 50 were a d m i n i s t e r e d  
t e t r a c h l o r o e t h y l e n e  in corn oil by gavage 5 days/week for 78 
weeks followed by o bservation for 12 addit i o n a l  weeks before 
s a crifice. Male m i c e  r e c e i v e d  536 or 1 ,072 m g /kg/day and feirales 
r e c eived 386 or 772 mg/kg/day. Hepatoc e l l u l a r  carcinoiras 
o c c u r r e d  in a s i g n i f i c a n t  number of both sexes. In males, the 
t u m o r s  were found in 2/20 (10%) control, 32/49 (65%) low-dose,
and 27/49 (56%) h i gh-dose mice (P<0.001). In females, the
i n c i d e n c e s  were 0/20 (0%) control, 19/48 (40%) low-dose, and
19/48 (40%) high-dose mice (P<0-001). Eats dosed with 471-949
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m g / k g / d a y  e x p e r i e n c e d  a high rate of early mortality, and 
conse q u e n t l y ,  t e t r a c h l o r o e t h y l e n e  c a r c i n o g e n i c i t y  could not be 
asses s e d  [216],
(xxi) T e t r a c h l o r v i n p h o s
Using B6C3F1 mice and O s b o r n e - M e n d e 1 
rat s  in groups of 50 animals of each sex [217], t e t r a c h l o r v i n p h o s  
was tioassayed by NCI for c a r c i n ogenicity. Mice were fed 8,000 
or 16,000 ppm for 80 weeks and sacrificed after 92 weeks. Male 
mic e  d e veloped a signif i c a n t  i n cidence of h e p atocellular 
carcir.oma: 0/9 (0%) control, 36/50 (72%) low dose, and 4C/5Q
(80%) high dose (P<0.001). Female mice e x p e r i e n c e d  an in c r e a s e d  
in c i d e n c e  of n e o p l a s t i c  nodules: 1/48 (2%) control, 14/49 (29%)
low dose (P<0.001), and 9/47 (19%) high dose (P=0-007). Bats
r e c e i v e d  4,250 or 8,500 ppm for 80 weeks with sacrifice after 111 
weeks. Female rats developed C-cell adenoma of the t h y r o i d  in 
1/46 (2%) in the control group, 2/50 (4%) in the low-dose group,
and 7/46 (15%) in high-dose rats (P=0.013). C o r t i c a l  a d e n o m a  of
the adrenal was also significant in female rats: 0/50 (0%) in
the ccntrol group, 2/49 (4%) in the low-dose group, and 5/50 
(10%) in the high-dose group (P = 0.017) [217].
(xxii) T r i c h l o r o e t h y l e n e
T r i c h l o r o e t h y l e n e  was adm i n i s t e r e d  to 
rat s  and mice of both sexes by i n tubation 5 d a y s/week at two dose 
levels for 78 weeks. Mice were n e c r o p s i e d  after 90 weeks and 
rat s  after 110 weeks. Male mice r e c eiving an average of 2,339 
m g / k g / d a y  had a 64% i n c idence of h e p a t o c e l l u l a r  carcinonras 
(P<0.001) while those receiving an average of 1,169 m g / k g / d a y  had
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a 52% incidence (P = ).9)4). In control males, 5% developed those 
tumors. Female mice receiving 1,739 m g / k g / d a y  had a 23% 
i n c i d e n c e  rate of hepatoc e l l u l a r  c a rcinomas (P=0.008) while those 
at 869 mg/kg/day did not develop a s i g n i f i c a n t l y  greater amount 
of tumors than controls. Bats did not develop any tumors at a 
s i g n i f i c a n t l y  increased rate [218],
As a result of animal testing and m e t a b o l i c  similarity to 
s u c h  c a r c i n o g e n s  as vinyl chloride, NIOSH has concluded that 
t r i c h l o r o e t h y l e n e  has a c a r c i n o g e n i c  potential in the wor k p l a c e  
a l t hough not a par t i c u l a r l y  strong one [219], NIOSH recom m e n d s 
that a level of 25 ppm can be uniformly a c h i e v e d  in industry ty 
use of existing control t e c h n o l o g y  and should be met. Worker 
e x p o s u r e  should continue to be reduced b e y o n d  this level as 
m e t h o d o l o g y  develops.
(xxiii) T r i f l u r a l i n
Triflu r a l i n  was a s s a y e d  in a n o t h e r  NCI 
study [229]. The aver a g e  high and low dietary c o n c e n t r a t i o n s  of 
the herbicide were 4,125 and 8,000 ppm for male rats, 4,125 and 
7,917 ppm for female rats, 2,000 and 3,744 ppm for male mice, and 
2 ,740 and 5,192 ppm for female mice. For female mice, the 
c o r r e l a t i o n  b e t w e e n  increased dosage and e l e vated incidence of 
h e p a t o c e l l u l a r  carcinomas was significant (PC0.001), with 
i n c i d e n c e s  of 0/60 (0%) in controls, 12/47 (26%) in l o w - d o s e
mice, and 21/44 (48%) in hi'gh-dose mice. Also s i g n i ficant was the 
r ela t i o n s h i p  b e t w e e n  dose and incidence of a l v e o l a r / b r o n c h i o l a r  
a d e nomas in female mice, 0/59 (0%) in the controls, 6/43 (14%) in 
the low-dose group, and 3/30 (10%) in the h i gh-dose group
159
(P=0.036). S q u a m o u s - c e l l  carcinomas of the stomach were o b s e r v e d  
in dosed female mice, but not in controls. Althouqh incidences 
of these tumors were not s t a t istically signif i c a n t  [0/60 (0%) in 
controls, 4/45 (9%) in the low- dose group, and 1/44 (2%) in the
hi q h - d o s e  qroup] they are unusual lesions in B6C3F1 mice and were 
c o n s i d e r e d  to be t r e atment related [220]. S ignificant e v i d e n c e  
of carc i n o g e n i c i t y  was not indicated in male mice and male ar.d 
f e m a l e  rats.
(B) Pesticides for Which Available Test 
Data Are Inconclusive
The 27 pesticides discussed in this sect i o n  
hav e  not yielded c o n c l u s i v e  evidence to implicate the m  as 
ca n c e r - s u s p e c t  agents because of poor e x p e r i m e n t a l  design, lack 
of statis t i c a l  a n a lysis of the data, or c o n f l i c t i n g  data among 
s e p a r a t e  studies. Also discussed in this section are cert a i n  
c o m p o u n d s  tested in the Bionetics R e s earch labs screening study
p e r f o r m e d  for NCI and reported in 1968 [4]. Positive results
r e p o r t e d  for the c o m p o u n d s  tested in that study but not s u pported
by other confi r m i n g  e v i d e n c e  are included below. Many of these
c o m p o u n d s  are now being b ioassayed by NCI. T heir test results 
are summarized in Table XIV-9. Additional w e l l - d e s i q n e d  
e x p e r i m e n t s  ar e  r ecommended to deve l o p  the q u a l i t y  data n e c e s s a r y  
for their c l assification.
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(i) Azokenzene
Groups of 18 male and 18 female B6C3F1
and E6AKF1 mice were admi n i s t e r e d  21.5 mg/kg azobe n z e n e  in 0.5%
gela t i n  by stom a c h  tube from days 7 to 28, after w hich the 
animals were fed 56 m g/kg a z o b e n z e n e  in the daily diet for 80 
weeks. As reported by Bionetics Research Labs in 1S68, incidence 
of hepatomas in trea t e d  m a l e  B6C3F1 mice was 8 tuirors/18 nice 
c o m p a r e d  with 8 tuirors/79 controls, and in male B6AKF1 mice, the 
rates were 2/18 c o m p a r e d  with 5/90 in c o n t r o l s  (P=0.01). The 
i n c i d e n c e  of h e p a t o m a s  in female mice was similar tc that in the 
contrcls [4].
(ii) Calcium Cyanamide
Calcium c y a namide was tested for NCI
in 18 B6C3F1 and 18 B6AKF1 male and female mice and the results
r e p orted in 1968 [4]. The compound was a d m i n i s t e r e d  at 100 m g / k g  
by oral intubation from days 7 to 28, after which it was m ixed  
with the gr o u n d  feed at 240 ppm until the mic e  were n e c r o p s i e d  
during week 82. Results showed that the o c c u r r e n c e  of reticulunr 
cell sarcomas was significant (P=0.01). Tumor i n c i d e n c e  was 5 
sa r c o m a s / 1 6  m ales and 3 sa r c o m a s / 1 8  females in B6C3F1 mice, 
c o m p a r e d  with 5/79 and 4/87 for controls- In E6AKF1 mice, 2 
h e p a t c m a s  d e v e l o p e d  in 17 female mice and n o n e  were found in the 
18 irales ne c r o p s i e d ,  c o m p a r e d  with 1/90 and 3/82 for m a l e  and 
female controls, r e s p ectively £4]. An NCI b i o assay r e p o r t  is 
s c h e d u l e d  for release in 1978.
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(iii) (2-Chloroethyl)triethyl-
a m m c n i u m  Chloride
In a study for NCI reported in 1968 
[4], (2-chloroethyl ) t r i e t h y l a m m o n i u m  chloride (CCC) was tested or 
B 6 C 3 F 1  and B6AKF1 nice. Eighteen male and female mice of each 
strain received 21-5 mg/kg CCC by oral intub a t i o n  on days 7-28, 
after which the c o m pound was mixed with the ground feed at 65 ppir 
for 82 weeks. The number of hepatomas found at necropsy was 
significant at a P=0.C1 level. In B6C3F1 mice, 5 hepatomas 
oc c u r r e d  in 18 males and 0 hepatomas in 18 females, compared with 
8 h e p a tomas/79 and 0/87 in controls, respectively. Five 
hepatcmas were found in 18 B6AKF1 male mice and 9 in 15 female 
mice that survived, compared with 5 hepa t o m a s / 9 0  and 1/E2, 
respectively, in the control group [4].
(iv) Chl o r o p i c r i n
Chl o r o p i c r i n  was tested by NCI in a 
bioassay study [221] using O s b orne-Mendel rats a n d  B6C3F1 mice. 
The compound was administered by gavage in corn oil 5 days/week 
during dosing periods. Because of early high mortality, rats 
were only dosed periodically during the study. Average doses for 
m a l e  rats were 25 or 26 mg/kg/day, and for female rats, they were 
20 or 22 mg/kg/day. Mice were dosed at 33 or 66 mg/kg/day, 5 
day s / w e e k  for 78 w e e k s  without interruption. All dosing of 
anim a l s  stopped at 78 weeks. Rats were o b s e r v e d  for 32 more 
weeks and m i c e  for 13 m o r e  weeks. The short s u r vival time for 
rats did not permit an assessment of c a r c i n o g e n i c i t y  for them.
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While the mice did not have any s t a t i s t i c a l l y  significant tumor 
incidences, two carcinomas and a papilloma did occur, which 
happened only rarely in h i storical controls. In summary, short 
survival of the rats prevented any car c i n o g e n i c  effect in this 
species, and the mice did not demons t r a t e  any s ignificant turner 
i n c i d e n c e s  [221].
(v) 2,4-D
In one c a r c i n o g e n i c i t y  test, groups of 
mal e  and female O s b o r n e - M e n d e l  rats were fed 2,4-B at rates cf
0-1,250 mg/kg by Hansen et al [222 ]. The only s t a t i s t i c a l l y  
significant (P < 0- 05) increase in tumors (of no particular organ) 
o c c u r r e d  in high-dose males. The authors stated, "No target 
o r g a n  tumors were observed: the. i n dividual tumor types were
r a n d o m l y  and widely d i s t r i b u t e d  and of the type normally f ound in 
aging O s b o r n e - M e n d e l  r a t s .... These t e ndencies do not reflect 
imp o r t a n t  pathologic differences."
In a s tudy [4] for NCI, 2,4-D was tested in B6C3F1 and 
B6AKF1 mice. Only the isooctyl ester f o r m u l a t i o n  s i g n i f i c a n t l y  
in d u c e d  tumors. E i g h t e e n  male and 18 female m ice of both strains 
re c eived a s u b c u t a n e o u s  i n jection of 2,4-D isooctyl ester at 21-5 
mg / k g  when 7 days of age. The o b s e r v a t i o n s  c o ntinued through 
week 84 in the B6C3F1 strain and through weeks 86 and 81 in male 
B6 A K F 1  and fe m a l e  B6AKF1 mice, respectively. Results showed the 
total number of mice which developed tumors was s i g n i f i c a n t  
(P=0.01), and the s i g n i f i c a n t  tumor type which o c c urred was 
r e t i c u l u m  cell sarcoma (P=0.01). In B6C3F1 males, turner
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i n c i d e n c e  was 6/18 c o m p a r e d  with 31 in 27/141 controls (3/18 
reticuluir cell s a r comas in treated vs 8/141 in untreated irice) . 
I n c i d e n c e  was 2/18 in female B6C3F1 mice c o m pared with 9/154 in 
c o n t r c l  irice. Values for r e ticulum cell s a r comas were 0/18 in 
test and 1/154 in control m ice of the same strain. In the E6AKF1 
strair, the total n u m b e r  of m i c e  which developed tuirors was 2/18 
in treated m ales and 8/161 in cont r o l  males. The i n cidence cf 
ret i c u l u m  cell sarcomas was 0/18 and 0/161 in treated and 
u n t r e a t e d  males, respectively. In E6&KF1 females, 6 tumors were 
f ound in 5/17 mice, 5 of which were ret i c u l u m  cell sarcomas. In 
the E6AKF1 female controls, 18 tumors were found in 17/157 mice, 
5 of which were ret i c u l u m  cell s a r comas £4]. However, in another 
rat feeding study £223] and in a m o u s e  feeding study £4] for NCI, 
signif i c a n t  tumor i ncidences were not o b s erved when using 2,4-D 
and its i s o propyl and butyl esters.
(vi) Diirethoate
Dimethoate, an OP insecticide, was 
g i v e n  to rats orally at dose levels cf 5-30 mg/kg and 
intrairuscularly at 15 mg/kg. Mal i g n a n c i e s  developed in 9/71 
o r a l l y  treated rats: 2 malignant reticuloses, 4 spleen sarcomas,
1 colon sarcoma, and 2 liver carcinomas. In rats dosed 
intrairuscularly, 6/30 rats de v e l o p e d  cancer: 2 spleen sarcomas,
1 ovarian sarcoma, 1 un s p e c i f i e d  sarcoma, 1 m a lignant 
reticulosis, and 1 l iver carcinoma. C o n t r o l s  (36 oral, 35 
intrarruscular) developed no tumors. Mice t o pically administered 
d i m e t h o a t e  developed 4 l e u k o s e s  and 1 mamm a r y  tumor (5/19
164
aniirals) , but no c o n t r o l s  were reported [224 ]. No pr o b a b i l i t y 
st a t i s t i c s  were presented. An NCI feeding study [225] tested 
dimet h o a t e  in rats and mice. Hats r e c e i v e d  average doses of 155 
or 310 pptn (males) and 192 or 384 ppm (females). Mice were fed 
at rates of 250 or 500 ppm (both s e x e s ) . In spite of signs of 
typical dimethoate toxicity (tremors and h y p e r e x c i t a b i l i t y ) , 
lo w -dcse rats and all treated m i c e  survi v e d  long enough to allow 
an e valuation of carcinogenicity. No s t a t i s t i c a l l y  si g n i f i c a n t  
i n c r e a s e  in tumor incidence o c c u r r e d  in either sex or species. 
It was concluded that no c a r c i n o g e n i c  ef f e c t  resulted from 
d i m e t h o a t e  a d m i n i s t r a t i o n  [225].
(vii) Dimethoxane
An experiment by Hoch-Ligeti et al 
[ 2 2 6 ]  with dimeth o x a n e  a d m i n i s t e r e d  as a 1% solution in the 
drinking water, a very large dose, resulted in the ind u c t i o n  of 
m a l i g n a n t  tumors, mostly hepatomas, in 14 of 25 male rats. Cne 
of 14 control animals d e veloped cancer in the liver, kidney, 
spleen, and lungs. The s m a l l  number of animals, the lac k  of
e x p e r i m e n t a l  details, and the lack of s t a t i s t i c a l  a n a l y s i s  for 
thi s  single s tudy do not provide a sufficient basis for a final 
conclusion.
(viii) 2 , 4 - D i n i trotoluene
NCI [227] b i o a s s a y e d  2 , 4 - d i n i t r o -  
toluer.e using groups of 50 F i s c h e r  344 rats or 50 E6C3F1 m i c e  of 
eac h  sex. Diet a r y  levels were 0.008 and 0.04% for irice and 0.008 
and 0.02% for rats. Eosing o c c u r r e d  for 78 weeks f o l lowed by 13 
ad d i t i o n a l  weeks' o b s e r v a t i o n  for mice or 26 a dditional weeks'
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o b s e r v a t i o n  for rats. While no iralignant tumors developed at 
significant rates in rats, benign skin or sub c u t a n e o u s  fibroiras 
did develop in 3/46 (0%) control, 7/49 (14&) low-dose, and 13/49 
(27*) high-dose rr.ale rats (P=0.003), and benign m a m m a r y  
f i b r c a d e n o m a s  occurred in 9/48 (19%) control, 12/49 (2455)
low-dcse, and 23/50 (463C) high-dose female rats (P=0.016). No
tumors developed at s ignificant rates in mice [227].
(ix) D i p h e n y l a c e t o n i t r i l e  
Eighteen male and female B6C3F1 and 
B 6AKF1 mice were a d m i n i s t e r e d  a s i n g l e  s u b c u t a n e o u s  injection of 
d i p h e n y l a c e t o n i t r i l e  at 464 mg/kg in a test p e r formed for NCI by 
Bionetics R e s e a r c h  Labs and reported in 1968 [4]. The mice were 
injec t e d  on day 28, and survivors were killed in week 77 of the 
study. The total n u m b e r  of tumors was s ignificant (P=0.05), and 
of the total tuiror types, r e t i c u l u m  cell sarcomas were
s i g n i ficant at a level of P=0.01. Other t umor types were 
r e p o r t e d  to be insig n i f i c a n t  in occurrence. In B6C3F1 mice, 5/18 
males developed tumors, 3 of which were sarcomas. Two reticuluir 
cell sarcomas were present in the 3/16 feirale B6C3F1 mice which 
d e veloped tumors. Results for the B6C3F1 control group showed
that 27/141 males d e v e l o p e d  31 tumors, 8 of which were sarcomas, 
and that 9/154 females d e v eloped tumors, 1 of which was a
sarcoma. In the B6AKF1 strain, 3/18 m ales developed tumors (1 
was a sarcoma) compared with 8/161 c o n t r o l  males (no s a r c o m a s ) . 
Three out of 17 B6AKF1 female mice showed 4 tumors, 2 of which 
were ret i c u l u m  cell s a r c o m a s  compared with 17/157 female control 




Endosulfan was tested for NCI in 18 
B 6 C 3 F 1  and 18 B6AKF1 male and female mice by Bionetics R e s earch  
Labs [4]. The two strains were adm i n i s t e r e d  1. ) mg/kg e n d o s u l f a n  
by oral intubation on days 7-28, after which the compound was 
added to the ground feed at 3 ppm until the end of the study 
during week 77. N e cropsies showed that the total nu m b e r  of 
tumors was s i g n i f i c a n t  (P=).)5). Tumors dev e l o p e d  in 5/14 irale 
and 3/10 female B6C3F1 mice, compared with 23 tumors in 22/79 
m a l e  and 8 t u m o r s  in 87 female c o n t r o l  mice. In strain B6AKF1, 6 
tumors dev e l o p e d  in 5/16 m a l e s  and 3 in 16 females, c o m pared with 
17 tumors in 16/90 males and 9 tumors in 7/82 females in the 
cont r o l  group. P u l monary adeno m a s  were also si g n i f i c a n t  at 
P=0.05. Tumor o c currence of this type in B6C3F1 mice was 2
tum o r s / 1 4  males and 1 tumor/10 females, c o m pared with 5/79 irales
and 3/87 fema l e s  in the control group. In the B6AKF1 strain, 4 
pul m o n a r y  a d e n o m a s  were found in 16 male mic e  and 1 in 16 female 
mice; values for B6AKF1 c o n t r o l s  were 9 t u m o r s / 9 0  males and 3/82 
females [ 4 ].
In a recent NCI b i o assay [228], e n d o s u l f a n  was fed to rats 
at 223-952 ppm and to m ice at 2.0-6.9 ppm. High early m o r t a l i t y  
oc c urred for male rats and mice, and no conclusions about 
c a r c i n o g e n i c i t y  could be made for them. E n d o s u l f a n  was not found 
to be c a r c i n o g e n i c  for female rats and mice.
(xi) Endrin
Treon et al [229] tested en d r i n  in 6
groups of 20 male and 20 female Carworth rats. A diet of 0, 1,
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5, 25, 50, or 100 ppir e n d r i n  was adm i n i s t e r e d  for 2 years. 
S u rvivors at 80 weeks included 12/80 rats given 50 or 100 ppm, 
23/40 given 25 ppm, 28/40 given 5 ppm, 31/40 g iven 1 ppm, and 
28/40 in the control group. The incidence of neoplasirs in 
treated rats was no greater than that among controls.
The t u m o r i g e n i c i t y  of en d r i n  was tested in C s b o r n e - M e n d e 1 
r ats by Deichmann et al [230]. Diets c o n t a i n i n g  2 , 6 ,  or 12 ppm 
en d r i n  (technical grade 98%) were a d m i n i s t e r e d  to 50 male and 50 
female rats for lifespan. The mea n  survival time in 
e n d r i n - t r e a t e d  rats ranged between 17.6 months in males given 12 
p pm to 20.8 months in females given 2 ppm. The mean s u r vival 
time in a control group was 19.7 months for male rats and 19.5 
m o n t h s  for female rats. Th e  proportion of tumor-bearing rats and 
the incidence of mamm a r y  tumors, lymphomas, and other tumors were 
similar in t r e a t e d  and control rats. No liver-cell tumors were 
reported. Endrin is being tested by NCI and results are 
s c h e d u l e d  for release in 1978.
(xii) Ethylan
As reported in the 1968 Bionetics 
study [4] for NCI, 18 male and 18 female B6C3F1 and B6AKF1 mice 
recei v e d  215 m g/kg ethylan by oral intubation. The mice were 
ad m i n i s t e r e d  the c o m pound in this manner from days 7 to 28, after 
which 815 ppm e t h y l a n  was mixed with the ground feed for the 
duration of the experiment. The number of hepatomas found at 
necropsy (during week 84 for both B6C3F1 sexes, during week 86 
for E6AKF1 male, and during week 87 for B6AKF1 female mice) was 
significant at a level of P=0.01. Seven h e p a t o m a s  were found in
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16 treated B6C3F1 male mice, and 1 hepatoma was found in 17 
treated B6C3F1 female mice, compared with 8 h e p a t omas/79 male and 
0/87 female control animals of the same strain, respectively. In 
t r e a t e d  B6AKF1 mice, 1 hepatoma was found in both groups of 18 
male and female mic e  necropsied, compared with 5/90 male and 1/82 
female control mice [4],
(xiii) Ethylene Oxide 
Eighty-six inbred female Swiss-Wefcster 
mic e  were e x p o s e d  inadvertently to e t h y l e n e - o x i d e - t r e a t e d  ground 
c o r n c o b  bedding for 150 days in an experiment not designed tc 
study the effects of ethylene oxide. The mice lived in untreated  
bedding for their lifetime (a m a x i m u m  of 900 days) following 
exposure. Tumors developed at various sites in 63 exposed irice; 
no tumors were r e p orted in 83 female mice 100-600 days old, which 
were not exposed to treated bedding [231], This "study" was not 
designed for the purp o s e  reported here and few conclusions can be 
drawn from it.
No skin tumors were observed on 30 female 8-week-old ICB/Ha 
Swiss m ice which had been painted with 0.1 ml of a 10% solution 
of ethylene oxide in acet o n e  three time s / w e e k  for life. The 
average length of survival was 493 days [232 ].
Negative results were also obtained in a study by Walpole 
[23 3]. Twelve rats were subcutaneously injected with 1 g/kg 
e t h ylene oxide in arachis oil for 94 days on a un s p e c i f i e d  
schedule. No sarcomas were observed t h r o u g h o u t  the aniirals' 
lifet imes.
Ethylene oxide has produced genetic defects in a variety of
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test systems (see Table XIV-10). The most likely me c h a n i s m  for 
the production of these defects (mutations) is the a l k y l a t i o n  of 
c e l l u l a r  constituents, i n cluding deoxyr i b o n u c l e i c  acid (DNA). 
Such reactions have been o b s erved with both proteins and nucleic 
acids, and the resulting molecules could very likely possess 
abnoriral functional p r o p e r t i e s  in the living o r g anism [ 234 ].
While limited animal tests have not clearly indicated 
c a r c i n o g e n i c i t y ,  the alky l a t i n g  and m u t a g e n i c  properties of 
et h ylene o xide are s u fficient bases for concern, and RIOSH has 
recorcreended that workers should not be expo s e d  at c o n c entrations 
greater than a 135 mg/cu m (75 ppm) c e i l i n g  determined during a 
15 minute sampling period and a 90 mg/cu m (50 ppm) TWA for up tc 
a 10-hour day or 40-hour workweek.
(xiv) HCCH (Technical BHC)
HCCH typically c o n t a i n s  the following 
isom e r s  of hexachl o r o c y c l o h e x a n e :  55-70% alpha, 6-8% beta,
10-18% gamma, 3-4% delta, and a s mall amount of epsilon. 
N a g asaki and c o w o r k e r s  [ 2 3 5 , 2 3 6 ]  found that HCCH p r o duced 
hep a t c m a s  in 20/20 male mice fed 600 ppm but n one at lower 
levels. No tumors d e veloped in control mice. However, Goto et 
al [237 ] found liver n o d u l e s  but no definite c a n c e r s  in male irice 
r e c e i v i n g  600 ppm HCCH in their diet for 26 weeks. Similarly, 
Fitzhugh et al [238] did n o t  find an excess of tumors in rats fed 
10, 50, 100, and 800 ppm HCCH. No s t a t i s t i c a l  analyses of the
dat a  were given.
(xv) IPC and CIPC
Van Esch et al [239] studied the
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effect of isopropyl p h e n y l c a r b a m a t e  (IPC) and i s opropyl
c h l o r o p h e n y l c a r b a m a t e  (CIPC) as tumor i n i t i a t o r s  on Swiss m i c e  in 
c o n j u n c t i o n  with the promoters croton oil and T w e e n  60. IPC and 
C I P C  were admi n i s t e r e d  as a single 15 mg dose once by intubation, 
as 10 weekly 15 mg doses by intubation, or in the diet at 0.1% 
for 6 months. Five percent c r o t o n  oil was appl i e d  d e r mally two
times/week, and Tween 60 was applied six times/ w e e k ,  both for 6
months. IPC appl i e d  10 times with croton oil p r o d u c e d  
s i g n i f i c a n t l y  more tumors (papillomas) than croton oil by itself 
(P<0.05). No other IPC combinations produced resu l t s  
s i g n i f i c a n t l y  different fro m  controls. A single application of 
C IP C  with croton oil resulted in a s ignificant increase in the 
p a pilloma incidence in females ( P O .  05) . No other CIPC
c o m b i n a t i o n s  were significant. The authors stated that IP C  and 
C IP C  have weak initiating activity; however, while i n d i c a t i n g  
c ancer initiation, this study does not show that the subst a n c e s  
were carcinogenic, and further testing is recommended, by NIOSH.
(xvi) Lindane (gamma-HCCH) 
Carcinogenic stud i e s  of lindane have 
s h o w n  both n e g a t i v e  and p o s i t i v e  results. It was determined not 
to be c a r c i nogenic in the NCI b i o a s s a y  study in rats and mice 
[ 240]. Negative results were also reported by Nagasaki et al 
[ 241] for male mice fed 100-500 pp m  lindane, and bv F i t z h u g h  et 
al [238 ] for male and female rats fed 5-1 ,600 ppm. P o s itive 
results occurred in a study by Thorpe and Walker [242] with a 96% 
i n c i d e n c e  of liver tumors in male mice fed 4 00 ppm lindane 
c o m p a r e d  with 24% in c o n t r o l s  (P<0.05), and with a 95% in c i d e n c e
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in treated females c o m pared with 23% in c o n t r o l s  (P<0.01). A
study ly Goto et al [ 237 ] showed liver n o d u l e s  in male mice 
ex a m i n e d  after 26 weeks on a 300 ppir, lindane diet.
(xvii) Mexacarbate
M exacarbate was tested on male and
female B6C3F1 and B6AKF1 mice for NCI. Mexacarbate was 
admi n i s t e r e d  to 18 animals of each sex and strain by oral 
i n t u b a t i o n  at a dose of 4.64 mg/kg on days 7-28, after which the 
c o m p o u n d  was mixed with the gr o u n d  feed at 11 ppm. Necropsies in 
week 81 showed that the formation of hepatomas was s ignificant at 
P=0.C5. Tumor incidence in B6C3F1 mice was 5 hepatomas/16 in 
males and 0 h e p a tomas/17 in females compared with 8/79 and 0/87, 
respectively, in the controls. In E6AKF1 mice, incidence of
hepatomas was 2 tumors/17 and 0/17 in irale and female mice, 
re s p ectively, and 5/90 and 1/82 in the control mice £4]. A 
bioassay report by NCI is sch e d u l e d  for release in 1978.
(xviii) PCNB
P e n t a c h l o r o n i t r o b e n z e n e  (PCNB) was 
also tested by B i onetics Resea r c h  Labs for NCI £4], Eight e e n  
mal e  and 18 female B6C3F1 and B6AKF1 mice were given single doses 
of 464 mg/kg PCNB by oral i n t u b a t i o n  when the animals were 7 days 
of age. The saire amount was given daily until the mice were 4 
weeks old, when they were a d m i n i s t e r e d  a diet containing 1,206 
ppm PCNB. The exper i m e n t  lasted 78 weeks. The number of irice 
observed with all types of tumors was s t a t i s t i c a l l y  si g n i f i c a n t  
(P=0.01) , and hepatomas o c c u r r e d  at the same level of 
significance. Six tumors, including 2 hepatomas, de v e l o p e d  in
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5/18 (28%) B6C3F1 male mic e  compared with 23 tumors, including 8
hep a t o m a s  in 22/79 (28%) male controls. Tumor incidence in
B6C3F1 females was 5/18 (28%) compared to 8/87 (9%) in feir.ale
c o n trols (4 were h e patomas in treated mice and no hepatomas were 
found in controls). Eleven B6AKF1 male m ice out of 17 (65%)
developed 13 tumors (10 were h e p a t o m a s ) ; 17 tumors were found in 
16/90 (18%) m ale controls, in c l u d i n g  5 hepatomas. Two tumors, 1
of which was a hepatoma, were found in 2/17 (12%) female B6AKF1
m i c e  compared with 9 tumors, 1 of which was a hepatoma, in 7/82 
(9%) female controls. Incidences of other tumors were similar in 
trea t e d  and cont r o l  animals [4].
A bioassay study [243] con d u c t e d  by NCI, however, has not 
found i ndications of carcinogenicity. In this study, mice or 
rats were fed PCNB in the diet at levels up to 14,635 ppm. These
groups of 50 animals each showed no rare or unusual tumors. No
s t a t i s t i c a l l y  significant positive a s s o c i a t i o n s  between PCNB and 
i n c i d e n c e  of n e o p l a s m s  were s h o w n  for any test group [243].
(xix) P i p eronyl Butoxide 
The o c c u r r e n c e  of r e t i c u l u m  cell
sarcomas was shown to be s ignificant at a p robability level of 
P=0.05 in male and female B6C3F1 and B6AKF1 mice orally
a d m i n i s t e r e d  p i peronyl b u t o x i d e  in a test for NCI by Bionetics 
R e s e a r c h  Labs [4]. E i g h t e e n  mice of each sex and st r a i n  r e c eived 
a 100 mg/kg dose of the compound by oral i n t u b a t i o n  on days 7-28, 
a fter which the c o m p o u n d  was mixed with the ground feed at 300 
p pm for the r e m a i n d e r  of the study. Results from the necr o p s i e s 
p er f o r m e d  in week 83 showed r e t i c u l u m  cell sarcoma occurrence at
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a rate of 5 t u mors/15 male and 2/18 female B6C3F1 mice, compa r e d  
with 5/79 and 4/87 in male and female controls, respectively- In 
B6AKF1 mice, r e t i c u l u m  cell sarco m a s  numbered 0 in 18 males and 1 
in 18 females, respectively, c o m pared with 1/90 and 3/82 in 
c o n t r o l s  [4]. A bioassay report by NCI is scheduled for release 
in 1978.
(xx) Piperonyl Sulfoxide
Piperonyl sul f o x i d e  was tested by 
B i o n e t i c s  Research Labs for NCI [4] on gr o u p s  of 18 m a l e  and 
f e m a l e  B6C3F1 and B6AKF1 mice. The two stra i n s  received a 46.4 
m g / k g  sub c u t a n e o u s  in j e c t i o n  of the c o m pound on day 28. 
R e t i c u l u m  cell sarcomas were shown to occur at a s i g n i f i c a n t  
level (P=0.05) in both male and female B6C3F1 mice, n e c r o p s i e d  
du r i n g  week 71 and week 72, respectively. Male and female B6AKF1 
m i c e  were killed in weeks 83 and 84 of the experi m e n t ,  
respectively, and showed the same extent of reticulum cell 
sarc o m a  formation. Tumor o c currence was 1 sarcoma/18 mice for 
both m a l e  and female B6C3F1 mice, compared with 8/141 and 1/154 
in controls. In B6AKF1 mice, s a r comas were found in 1/18 and 
3/18 male and female mice vs 3/161 and 5/157 for controls of the 
same strain. Th e  d e v e l opment of r e ticulum cell sarcomas was also 
shown to be s ignificant (P = 0. 01) in an oral test using the two 
stra i n s  of mice. Piperonyl s u lfoxide was adm i n i s t e r e d  at 46.4 
m g / k g  by oral i n tubation on days 7-28, after which it was mixed 
with the ground feed at 111 p p m  until the experiment was 
t e r m i n a t e d  during the same weeks cited above. Re t i c u l u m  cell 
sarcoiras were found at a rate of 8/18 and 1/18 in male and female
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B6C3F1 mice, respectively, vs 5/79 and 4/87 in controls. In 
B6AKF1 mice, no tumors were found in the 18 males necro p s i e d 
(1/90 for male c o n t r o l s ) , and 2 sarcomas were found in 17 female 
mic e  (3/82 for female controls) [4]. A bioassay report by NCI is 
s c h e d u l e d  for release in 1978,
(xxi) Sodium N,N-dimethyldithio-
carbairate
Bionetics Research Labs [4] tested 
s o d i u m  N , N— d i m e t h y l d i t h i o c a r b a m a t e  (SDDC) in B6C3F1 and B6AKF1 
mice. Eighteen male and female mice in each strain were 
a d m i n istered 215 mg/kg SDDC by oral i n t u b a t i o n  on days 7 to 28, 
after which the compo u n d  wa s  mixed with the ground feed at 692 
ppm for th e  d u r ation of the 78-week study. The total nu m b e r  of 
tumors was reported to be significant (P=0.05), and of the types 
of tumors found, p u lmonary adenomas and hepatomas occurred at a 
s ignificant level (P=0.05). In the B6C3F1 mice, 10/17 males had 
11 tumors (including 3 pulmonary a d e nomas and 7. h e p a t o m a s ) . 
T w e n t y - t w o  B6C3F1 m a l e  control mice of the 79 necropsied had 23 
tumors (including 5 pul m o n a r y  adenomas and 8 hepatomas). 
Inc i d e n c e  in B6C3F1 c o n t r o l  female mice was 8 tumors/87 mice, 3 
of which were pulmonary adenomas. Six tu m o r s  occurred in 18 male 
B6AKF1 mice, 5 of which w e r e  pulmonary a d e nomas and none were 
hepatcmas. In the male control group of t h i s  strain, 17 tunrors 
(including 9 pulmonary adenomas and 5 hepatomas) were found in 
16/90 mice. Two out of 18 female B6AKF1 mic e  had tumors, 1 of 
which was a pulmonary adenoma. In the B6AKF1 control group, 9 
tumors (3 pul m o n a r y  a d e nomas and 1 hepatoma) were found in 7/82
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female mice [4]* An NCI bioassay report is scheduled for release 
in 1978.
(xxii) Strobane
In the Bionetics study [4] performed 
for NCI, strobane was tested in male and female B6C3F1 and B6AKF1 
mice. Eighteen mice of each sex and strain received 4.64 rrg/kg 
strobane by oral intu b a t i o n  from day 7 to day 28, after which the 
c o m p o u n d  was admi n i s t e r e d  at 11 ppm in the ground feed for 80
weeks. Significant results included the total number of mice
that developed tumors (P=0.01) and the i ncidences of h e patomas
(P=3.01) and of reticulum cell sarcomas (P=0.05). Eight out of 
15 (53%) male B6C3F1 mice developed tumors; 2 were hepatomas and
5 were reticulum cell sacromas. In the c o r r e s p o n d i n g  cont r o l  
group, 23 tumors were found in 22/79 (28%) mice; 8 were h e patomas
and 5 were r e t i c u l u m  cell sarcomas. Tumor incidence in female 
B6C3F1 mice was 3/18 (17%) compared with 8/87 (9%) in controls;
incidence of hepatomas was 0/18 (0%) and 0/87 (0%) and of
r e t i c u l u m  cell sarcomas was 2/18 (11%) and 4/87 (5%) in female
B6C3F1 treated and untreated mice, respectively. Eleven out of 
18 (61%) male B6AKF1 mice developed tumors, all of which were
hepatomas. In c o r r e s p o n d i n g  control mice, 17 tumors were found 
in 16/90 (84%) mice, 5 of which were hepatomas and 1 of which was
a reticulum cell sarcoma. No tumors of any type were found in 
female B6AKF1 mice. Values for c o n t r o l s  were 9 tumors, 1 of 
which was a hepatoma and 3 of which were r e ticulum cell sarcomas, 
in 7/82 (9%) female m i c e  [4]. The IAPC review of l i t e r a t u r e
dis c u s s e d  only the Bionetics study £244 ].
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(xxiii) 2 , 4 , 5-T
Mic e  were given drinking water 
c o n t a i n i n g  10) mg 2,4,5-T/I ad libitum for 2 months followed by 
80 ppm of 2 , 4 , 5-T in the diet until death. Females showed a 
significant difference (P<0.03) in tumor rates, namely 13/25 
(52%) for t r e a t e d  animals vs 9/44 (20%) for controls; neither
males of t his strain nor mice of anot h e r  strain showed 
s ignificant d i f f e r e n c e s  [245], In the Bionetics Research Labs 
study [4], m i c e  fed 2 , 4 , 5-T did not deve l o p  cancer to any 
significant extent; subcutaneous injection was likewise 
i n e f f e c t i v e  [4 ] .
(xxiv) Thiourea
Thiourea was a d m i n i s t e r e d  in varying 
c o n c e n t r a t i o n s  in the diet to groups of 18 O s b o r n e - M e n d e l  rats 
for 104 weeks; 14 of the 29 survivors d e v e l o p e d  hepatic cell
ad e nomas [ 246 ]. Tumor incidence was 3/5 (100 ppm), 4/8 (250
ppm), 2/8 (500 ppm), and 5/8 (1,000 ppm). Rats rec e i v i n g  a 2,500
pp m  diet did not surv i v e  for more t h a n  17 weeks. Untreated rats
s u r v i v i n g  2 years showed a 1% spontaneous incidence of hepatic 
cell adenomas. Too few animals survived to provide a d e quate 
in t e r p r etation, and no statis t i c a l  analysis was performed.
A 10% thiourea solution was admi n i s t e r e d  int r a p e r i t o n e a l l y
to a group of 12 rats 3 days/week for 6 months [247 ]. This group
c o n t a i n e d  an unspecified number of each sex. On the 1st day, 3
ml were injected, 4 ml on the 2nd day, and 4 ml on the 3rd day of
e a c h  week. The rats received a 0-2% s o l ution of thiourea in the 
d r i n k i n g  water following the initial treatment. Five out of six
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rats surviving 12-16 months developed tumors involving the area 
between the ear duct and the orbit, compared with no tunror 
d evelopment in the controls. Three of the tumors were d i agnosed  
as sguamous cell carcinomas, one a mixed sarcoma and squairous 
cell carcinoma, and one a m ixed-cell sarcoma.
Of 42 newb o r n  ICR Swiss mice a d m i n i s t e r e d  a single 
s u b c u t a n e o u s  injection of 2,500 mg/kg thiourea, no i n c r e a s e  in 
the number of lung adenomas was o b s erved compared with c o n t r o l s 
in mice killed 6 m o n t h s  after injection [248].
In another study [249 ], 0.2% thiourea was admi n i s t e r e d  in 
the drinking water of 19 m a l e  albino rats for up to 26 months. 
One rat developed a m y x o m a t o u s  tumor of the nose and anot h e r
d e v e l o p e d  epid e r m o i d  c a r c i n o m a s  in the area of the ear duct and 
the orbit. No tumors o c c urred in 12 control rats o b s erved for 
104 weeks. A significant increase in turrors was rot 
demonstrated.
While design and analysis are inade q u a t e  for some of these 
studies and results are contradictory, some c a r c i n o g e n i c i t y  iray 
be indicated and further test data are necessary.
(xxv) T r i c h l o r f o n
In a s tudy by Gibel et al [224], 
trichlorfon, a c h l o r i n a t e d  OP pesticide, was tested orally and 
i n t r a m u s c u l a r l y  in rats and topically (dose not given) in mice.
The rats were given total doses of 15 mg/kg by mouth and
i n j e c t i o n s  of 15 mg/kg. T h e s e  groups had 7 malignant tu m o r s  in
28 animals treated orally (including 1 lung carcinoma, 1 
m a l ignant r e t i c ulosis, 2 spleen sarcomas, 1 liver carcinoma, 1
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m a x i l l a r y  carcinoma, and 1 f o r e s tomach cancer in situ) and 4 
m al i g n a n t  tumors in 27 injected animals (including 1 m a l ignant
reticulosis, 1 liver sarcoma, and 2 spleen sarcomas). No cont r o l  
rats (36 oral, 35 im) developed cancer, but no pr o b a b i l i t y  
st a t i s t i c s  were presented. Five of 14 mice developed m y e l o i d
leukosis. No control mice were reported and no probability
st a t i s t i c s  were p r esented [224]. NCI has tentatively s e l ected 
trichl o r f o n  for bioassay testing.
(xxvi) 2,4,6 - T r i c h l o r o p h e n o l
Bionetics Research Lab [4] tested
2 , 4 , 6-trichlorophenol in B6C3F1 and B6AKF1 male and female mice 
for NCI. Eighteen mice of each sex and strain were a d m i n i s t e r e d  
the compound at 100 mg/kg by oral intub a t i o n  on days 7-28, after 
which it was mixed with the ground feed at 260 ppm for the
d u r a t i o n  of the 83-week experiment. The total number of tumors 
was significant at a level of P=0.01. R e t i c u l u m  cell sarcomas 
and hep a t o m a s  were determined to be signif i c a n t  (P=0.05 among the 
t u m o r  types found. In B6C3F1 mice, 9/18 males developed 13 
tumors, 4 of which were r e ticulum cell sarcomas and 3 of which 
were hepatomas. In the control group, 23 tumors (including 5 
sarcomas and 8 hepatomas) were found in 22/79 male mice. Seven 
out cf 18 female B6C3F1 mice developed 8 tumors in all; 2 were
s a r c o m a s  and 2 were hepatomas. In the control group, 4 of 8
t u m o r s  found in 87 females were sarcomas and n o  hepatomas were 
reported. Total tumors in 3/17 B6AKF1 male m ice numbered 4, and 
1 was a hepatoma. Values for controls were 1 sarcoma and 5 
he p a t o m a s  out of 17 total tumors counted in 16/90 male mice. Of
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the 2 tu m o r s  found in 17 female B6AKF1 mice, 1 was a sarcoma and 
1 was a hepatoma. In the control group, 3 sarcomas and 1 
h e p atcma were found in a total of 9 tumors in 7/82 female mice. 
O t h e r  tumor types not i n c l u d e d  in the totals were i n s i gnificant 
in o c currence [4].
(C) Pesticides for Which Test Results Kere
Not Positive
The a d m i n i s t r a t i o n  of picloram, dichlorvos, 
m e t h y l  chloroform, m e t h o x y c h l o r , and mal a t h i o n  to rats and mice 
sh o w e d  no clear e v i dence of associ a t i o n  with tumor incidence in 
NCI bioassay tests. Male and female mic e  and male rats fed 
picloram did no t  deve l o p  tumors s i g n i f i c a n t l y  a s sociated with the 
pesticide. Although female rats .did develop hepatic nodules, 
they were benign [ 250]. A few tumors dev e l o p e d  in m i c e  fed 
dichlorvos, but there was not suffi c i e n t  e v i dence to indicate 
that the tumors r e s ulted from dichlorvos treatment [251]. 
R e s u l t s  for m e t h y l  chlor o f o r m  were cons i d e r e d  n e g a t i v e  due to the 
high mortality and the similarity of tumors in control an d  in 
t reated animals [252]. Tumor incidences for mice and rats 
a d m i n i s t e r e d  m a l a t h i o n  were not signi f i c a n t l y  different from 
i n c i d e n c e  in controls. No tumors were judged to be rela t e d  to 
m a l a t h i o n  [253]. No significant tumor rates occurred for mice or 
rats of either sex in a bioassay of m e t h o x y c h l o r  [254]. 
F i f t y - f i v e  a d d i t i o n a l  pest i c i d e s  tested by Bionetics R e s earch  
L a b s  for NCI [4] did have significant effects. These are listed 
in iafcle XIV-11.
It s h o u l d  be noted that r e latively few of the
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a p p r o x i m a t e l y  1,500 registered pesticides have been a d e q u a t e l y  
tested for c arcinogenicity, and very little is known about the 
c a r c i n o g e n i c  risk of m a n y  of these substances. Accordingly, 
there is an obvious need for testing many regi s t e r e d  p esticides  
for carcinogenic potential.
(2) Mutagenesis
In recent years, there has been a h eightened  
interest in m u t a g e n e s i s  a n d  related research. This interest has 
o c c u r r e d  for principally two reasons: (1) to assess the
p ossib i l i t y  that c h e m i c a l  substances may be producing g e n e t i c  
m ut a t i o n s  which might alter the hereditary c h a r a c t e r i s t i c s  of 
hu m a n s  [ 255 ], and (2) to use m u t a g e n i c  assays as rapid and 
i nexpensive surrogate methods to detect and to e v a luate chemicals 
for potential c a r c i n o g e n i c  effects [256]. The rationale for the 
latter lies in the p r evailing theory that cancer is the result of 
a soiratic mutation. The result of this interest has been the 
development of a large variety of e x p e r i m e n t a l  tests for 
m u t a g e n e s i s  utilizing bacteria. Drosophila, and various mam m a l i a n 
species [ 257-261 ].
The u b i q u i t y  of pesticides in the gene r a l  and occupational 
e n v i r o n m e n t  has inc r e a s e d  their i m portance as c andidates for 
m u t a g e n  testing; however, the testing systems are varied, 
complex, and not easily c o r r e l a t e d  to human response. DDT has 
b ee n  most e x t e n s i v e l y  studied in thi s  regard [255] and the tests 
have yielded a m i x t u r e  of p o s itive and n e g a t i v e  findings. DDT 
and its metabolite, DDE, have been c o n s istently n e g a t i v e  in 
b a c terial assays. However, DDT and DDE have caused c h r o m o s o m a l
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breaks and gaps in a number of in vivo and in vitro experiments. 
The occurrence of c h r o m osomal damage in these e xperiments iray 
c o r r e l a t e  with the positive findings of similar c h r o m o s o m a l  
da m a g e  in occupat i o n a l l y  expo s e d  workers [255]. In the study by 
Rabello et al [255 ], 30 workers with high plasma DDT levels
(average 0.993 mg/ml) were compared with 20 controls (average 
3.275 mg/ml), and chr o m a t i d  aberrations were found in 12% of the 
e x a m i n e d  cells from the expo s e d  group and in 8.8% of the e x a m i n e d  
c e l l s  of controls (P<0.05). Aldrin and dieldrin also caused 
ch r o m o s o m a l  damage in m a m m a l i a n  cells in vivo and in vitro, yet 
t hey consistently p r o d u c e d  n e g a t i v e  results in bac t e r i a l  
r e v e r s i o n  assays. Other p e s t i c i d e s  which produce m u t a g e n i c  
e ffe c t s  in various o r g anisms are shown in Table XIV-10. The 
a b i l i t y  of these p e sticides to induce m u t a t i o n s  in a wide variety 
of test systems is s uggestive of their potential to induce 
m u t a t i o n s  in human populations, but there is no e v i dence 
a v a i l a b l e  to enable an adequate assessment of the q u a n t i t a t i v e  
aspe c t s  of relative risks for human populations. While the exact 
m e c h a n i s m s  and m u t a g e n i c  p o t entialities cannot be stated with 
certainty, a l kylating p e sticides are most suspect of a l t e r i n g  
h u m a n  genetic material. For example, e t h y l e n e  dibromide is a 
b i f u n ctional alkyl a t i n g  agent, and the most likely m o d e  of 
m u t a g e n i c  activity is the covalent bonding of ethylene d i bromide 
to DNA. It must be realized, however, that there is no e v i d e n c e  
to indicate that p esticides or any other organic c o mpounds 
a c t ually have caused mutagenesis in humans. For this reason, 
NIOSH does not recommend at this time that any pesticide be
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c o n t r o l l e d  beca u s e  of m u t a g enicity d e m o n s t r a t e d  in a test system.
While m u t a g e n i c i t y  studies may not d e m o n s t r a t e  t o x i c o l o g i c  
e f f e c t s  as d r a m a t i c a l l y  as a c u t e  toxicity and c a r c i n o g e n i c i t y  
studies, they are nev e r t h e l e s s  important. These studies show 
that genetic m a t e r i a l  is affected, and it is onl y  prudent to 
avoid or greatly m i n i m i z e  exposure to m a t e r i a l  capable of such 
e f f e c t s .
(3) Ter a t o g e n  esis
The e f f e c t s  from the drug t h a l i d o m i d e  have clearly  
shown that there is a potential for chemical substances to 
produce profo u n d  t e r a t o g e n i c  abnormalities in humans. Since that 
finding, many tests have been con d u c t e d  to determine the 
te r atogenicity of che m i c a l s  in laboratory animals such as mice, 
rats, and hamsters. However, many of these tests have results 
fro m  which it is difficult to draw c o n c l usions regarding the 
teratog e n i c i t y  of the c o m p o u n d  due to the s mall sample size ar.cl 
to the lack of rep o r t i n g  n u m e r i c a l  values or e x p e r i m e n t a l  meth o d s  
critical to the findings. Pesticides, as a group, have been no 
e x ception. A summary of p e s t i c i d e s  reported in the l i t e r a t u r e  
and labeled by the authors as b eing teratogenic, having 
t eratogenic effects, or producing terata, a p p e a r  in Table XIV-12.
Of the 15 pesticides listed , 8 of the m  (thiram, aldrin, 
dieldrin, endrin, folpet, captan, captafol, and 2,4,5-T) have 
suff i c i e n t  data to indicate that these might pose a potential  
problem in humans.
Based on available evidence, four pesticides (parathion, 
dichlcrvos, diazinon, and phosmet) tested in a small number of
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animals, can be considered to be possibly te r a t o g e n i c  and should 
be hand l e d  with caution by women of chi l d b e a r i n g  age.
For the remaining three pesticides tested (diguat,
paraguat, and trichlorfon), there is insufficient evidence to
label these compounds as teratogens or possible teratogens.
The pesticides listed in Table XIV-12 can ba grouped into 
OP, CC, dipyridyl, dithiocarbamate, phthalimide derivatives, and
2,4,5-T.
(A) Organophosphorus Compounds
The terato g e n i c  p o t ential of the OP c o m p o u n d s 
parathion, dichlo r v o s ,  and diazinon, among others, were studied 
using the Sher m a n  rat fetus [262]. The highest nonfatal dose for 
e a c h  compound was: parathion, 3.5 mg/kg; dichlorvos, 15 mg/kg;
diazinon, 100 and 200 mg/kg. Each dose was injected
i n t r a p e r i t o n e a l l y for each compound on the 11th day after 
insemination. On the 20th day of gestation, the fetuses were 
remo v e d  for examination. Toxic levels of p a rathion and d i a z i n o n 
caused a high incidence of resorp t i o n s  and reduced fetal weight. 
Parathion, dichlorvos, and diazinon produced various 
malformations: 1/28 fetuses exposed to 3.5 m g / k g  parathion were
edema t o u s ,  3/41 exposed to 15 mg/kg dichlorvos were o m p h a l o c e l i c  
(intestine herniated through umbilicus), 1/6 of those e x p o s e d  to 
200 m g/kg diazinon were h y d r o c e p h a l i c  (cranial vault enlarged), 
1/6 were miss i n g  the first distal phalanx, 1/6 were e c t r o m e l i c  
(marked s hortening or absence of long bones), and 6/30 exposed to 
100 mg/kg d i a z i n o n  had a dilated renal pelvis. The authors 
co n c l u d e d  that these three c o mpounds were slightly t e r a t o g e n i c
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[262]. After rev i e w i n g  a d ditional i n f o r m a t i o n  on parathion, 
NIOSH concluded that p a rathion is not an active teratogen [89].
Two a d ditional OP pesticides, t r i c h l o r f o n  and phosmet, have 
b een labeled by Martson and Voronina [263] as having e m b r y o t o x i c  
and teratogenic effects. These com p o u n d s  were a d m i nistered 
orally to groups of pregnant Wistar rats on days 9 or 13 of 
gestation, and daily or every other day t h r o u g h o u t  gestation. An 
8) mg/kg dose of t r i c h l o r f o n  on day 9 resulted in an 
i n s i g n i f i c a n t  increase in embryo deaths. However, the same dose 
when given on day 13 resulted in a decrease in the n u m b e r  of 
d e v e l o p i n g  fetuses, a l t h o u g h  corpora lutea p roduction matched 
that of the controls. P o s t - i m p l a n t a t i o n  mortality in 
t r i c h l o r f o n - t r e a t e d  animals increased significantly, and 
e x a m i n a t i o n  of dead fetuses revealed general e d e m a  and 
a b n o r m a l i t i e s  such as exence p h a l y  and "nonclosing eyel i d " 
symptom. T r i c h l o r f o n  a d m i nistered at a dose of 8 mg/ k g / d a y 
t h r o u g h o u t  g e s t a t i o n  failed to show any significant d e v iation in 
embrycgenesis. Analysis of embryos k e l e t a l  systems revealed only 
a few cases of wavy ribs. T r i c h l o r f o n  adm i n i s t e r e d  in a dose of 
1.5 mg/kg every o ther day t h roughout p r e gnancy resulted in a 
s t a t i s t i c a l l y  v e rifiable r e d u c t i o n  in the number of live fetuses. 
H y d r o c e p h a l y  and s u b c u t a n e o u s  h emorrhages were also seen. At a 
d ose of 0.06 mg/kg g i v e n  on alternate days, t r i c h l o r f o n  p r o d u c e d 
no adverse effects.
A 30 m g/kg dose of phosmet on day 9 resulted in 
m a l f o r m a t i o n s  such as hypognathia and d i s l o c a t i o n  of extremities, 
but an insignificant i n c rease in p o s t - i m p l a n t a t i c n  m o r t a l i t y  was
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seen [ 263]. A 30 mg/kg dose of phosmet when a d m i n istered on day 
13 had no effect on embryo mortality before or after 
implantation. Examin a t i o n  of these embryos did reveal 
hydrocephaly in 33 of the 55 embryos studied.
(B) Organochlorine Compounds
The teratogenic potential of aldrin, 
dieldrin, and endrin was s t u d i e d  in 221 pregnant Syrian go l d e n 
h amsters and in 50 pregnant CD1 mice [264]. These p esticides 
were given by oral i n t u b a t i o n  on days 7, 8, or 9 of g e s t a t i o n  to 
hamsters and on the 9th day of g e s t a t i o n  to mice, in doses 
e q u i v a l e n t  to half the oral LD50 of eac h  substance for both 
species. The a b n o r m a l i t i e s  produced in both species included 
s o f t - t i s s u e  m a l f o r m a t i o n s ,  while the most frequent were cleft 
lip, webbed foot, and open eye. The latter two o ften o c c u r r e d  in 
c o m b i n a t i o n  with low fetal weight, indicating simply a s uggestion 
of growth retardation. In hamsters, 62% of the 216 a b n o r m a l  
fetuses had only one abnormality, 23% had two a b n ormalities, and 
15% had three or more. Also in this species, fused ribs o c c u r r e d  
as a single defect, whereas 40-50% of cleft lip, cleft palate, 
ope n  eye, and 87% of webbed feet occurred in c o m b i nation w ith one 
or more other defects. The incidence of open eye, webbed foot, 
and cleft palate was uniform for all three pesticides in 
hamsters; however, in mice, different a b n o rmalities were 
a s s o c i a t e d  with each pesticide. Open eye and webbed foot were 
m or e  frequent for aldrin in mice; dieldrin was associated with 
cleft palate and webbed foot. In both species, cleft palate, 
cleft lip, and fused ribs occurred s i g n i f i c a n t l y  as a single
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m a l f ormation, an indication of the t e r a t o g e n i c i t y  of these 
p e s t i c i d e s  [264].
(C) Dithiocarbamate Compounds
Thiram, dissolved in d i m e t h y l s u I f o x i d e  (DMSO) 
or c a r b o x y m e t h y l c e l l u l o s e  (CMC) and a d m i n i s t e r e d  to hamsters, was 
t eratogenic in the hamster [265]. When DMSO was used, inc i d e n c e
of terata varied from 0/22 fetuses at 125 mg/kg to 11/48 (23%) at
31 mg/kg and to 6/6 (100%) at 250 mg/kg; controls had 27/149
(18%). In CMC, incidence p rogressed from 2 terata/68 fetuses
(3%) at 125 mg/kg to 10/49 (20%) at 250 m g / k g  to 5/15 (33%) at
300 mg/kg; c o n t r o l s  had 3/714 (0.4%) [265 ]. Defe c t s  found with
both s o l vents included head and limb abnormalities, fused ribs, 
m a x i l l a r y  or m a n d i b u l a r  shortening, and u m b i l i c a l  hernia.
(D) Dipyridyl Compounds
Khera and Whitta [266] s u m m a r i z e d  the effects 
of paraquat and diguat in rats and found that a single 7 mg/kg 
i n j e c t i o n  of diguat on days 6-15 of ges t a t i o n  produced r e t a r d e d  
g r o w t h  of the ster n u m  and auditory ossicles. Paraquat at 6.5 
m g / k g  on day 6 produced costal c a r t i l a g e  malformations. The
num b e r  of anim a l s  tested and the incidence of m a l f o r m a t i o n s  were
not reported. Higher d o s e s  of both c o m p o u n d s  caused i n c r e a s e d  
abort i o n  rates and, for diguat, more p ronounced e m b ryonic  
defects.
(E) Phthalimide Derivatives
Robens [267] found the f o l l o w i n g  c o m p o u n d s  to 
be terato g e n i c  in hamsters: captan (300 mg/kg), folpet (500
mg/k g ) ,  and captafol (200 mg/kg); they were studied beca u s e  of
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their r e l a t ionship to thalidomide. The compounds were 
a d m i n i s t e r e d  orally in CMC to hamsters at a constant volume of 1 
m l / 1 0 0  g body weight. Adminis t r a t i o n  was between days 6 and 10 
of g e station with fetuses e x a m i n e d  on day 15. Controls had 4 
terata/1,081 fetuses (0.4%). At 300 mg/kg, captan caused 9/111 
(8.1%), at 500 mg/kg, folpet had 3/91 (3.3%), and at 200 mg/kg,
C a p t a f o l  had 4/145 (2.8%). No single p e s t i c i d e  had a d istinctive
a b n o r m a l i t y  assoc i a t e d  with it. T e r a t o g e n i c  defects included 
head a b n o r m a l i t i e s  and exencephaly, short or curved tails, fused 
ribs, limb anomalies, and vertebral defects. The author was rot 
a bl e  to relate these hamster data to humans [267].
(F) 2,4,5-T
Several studies have been conducted with the 
c o m pound 2,4,5-T in m i c e  to assess both the
t e r a t o g e n i c / e m b r y o t o x i c  effect and the e nhancement of these 
effects by the impurity, dioxin £ 268-270],
In a study by Neubert and Dillmann [268], the purest sample 
of 2,4,5-T a v a ilable (containing less than 0.02 mg/kg dioxin) 
induced e m b r y o t o x i c  effects in NMBI mic e  when given orally on 
day s  6 through 15 of gestation. The frequency of cleft palate 
e x c eeded that in controls when doses higher than 20 mg/kg (abcut 
1/6 the LD50) were administered. While r eductions in fetal 
w eight were found with 10-15 mg/kg, t here was no d e f i n i t e  
increase in embryo l e t hality over that seen in controls. Cleft 
p a l a t e s  were produced with a single oral dose of 300 m g / k g  of
2,4,5-'T’; the maxi m a l  terato g e n i c  effect was obtained when the 
compo u n d  was adm i n i s t e r e d  on day 12 or 13 of gestation. Rhen
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doses of 150-300 m g/kg were given on days 6-15 of pregnancy, 5% 
of the fetuses had cleft palates, as compared with about 0.7% of 
c o n t r o l  animals (P=0.01). With doses of 20-30 mg/kg, no 
s ignificant increase was o b s e r v e d  [268].
In a second study, in two strains of mice (C57BL/6 and 
AKR), 2,4,5-T containing 30 mg dio x i n / k g  was t e r a t o g e n i c  and 
feticidal when given orally at a dose of 113 mg/ k g / d a y  in honey 
or su b c u t a n e o u s l y  in d i m ethyl sulfoxide on days 6-14 or 9-17 of 
gestation. Cleft palates and cystic kidneys were seen in C 5 7 B I / 6  
mice, while only cleft palates occurred in AKR mice. No 
t e r a t o g e n i c  effect was observed in C57BL/6 m ice given lower doses 
(21.5 mg/kg), but cy s t i c  kidn e y s  occur r e d  with a dose of 46.4 
mg/kg. A d o s e -response r e l a t ionship was suggested for the 
f e t i c i d a l  and t eratogenic p r o p e r t i e s  of 2,4,5-T a d m i n i s t e r e d  by 
e i t h e r  oral or s u b c u taneous routes [ 269 ].
In a third study, comme r c i a l  samples of 2,4,5-T (containing 
0.1, 0.5, 2.9, or 4.5 m g / k g  of dioxin) were feticidal and 
te r a t o g e n i c  in Syrian go l d e n  hamsters when a d m i n i s t e r e d  orally on 
d a y s  6-10 of p r e gnancy at levels of 20, 40, 80, or 100 mg/kg; the 
i n c i d e n c e  of effects increased with both the 2,4,5-T dosage and 
the content of dioxin. No malfo r m a t i o n s  were produced by doses 
of less than 100 m g / k g  2,4,5-T containing no d etectable dioxin. 
Bulging eyes (absence of eyelid) accounted for the major i t y  of 
the effe c t s  caused by 2,4,5-T conta i n i n g  dioxin. Dioxin 
c o n t a m i n a t i o n  increased the incidence of h e m o r r h a g e s  in livet o r n  
hamsters and a l s o  produced marked edema [270 ].
(4) R e p r o d u c t i v e  Effects
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The term "repro d u c t i v e  effects" refers to the 
i n h i b i t i o n  of r e p r o duction as distinct from teratogenesis which 
refers generally to the induction of m a l f o r m a t i o n s  in the fetus. 
Som e  compounds such as DDT and Kepone, however, may exhibit both 
rep r o d u c t i v e  an d  t e r a t o g e n i c  effects. R e p r oductive effe c t s  are 
b e l i e v e d  to be m e d iated t h r o u g h  some h o r m o n a l  a c t i o n  of the 
p es t i c i d e  or some e f f e c t  on the endocrine system. This s e c t i o n  
d i s c u s s e s  some pesticides, including Kepone, mirex, aldrin, DDT, 
dieldrin, 2 , 4 , 5-T, carbaryl, heptachlor, and crufomate, that have 
ca u s e d  adverse r e p r o d u c t i v e  effects in animals. The results are 
s u m m a r i z e d  in Table XIV-13.
Kepone has produced adverse r e p r o d u c t i v e  effects in mice. 
Goo d  et al [ 271] fed Kepone to mice in three experiments.
In the first experiment, Kepone at levels of 10, 17.5, 25,
30, and 37.5 ppm was fed to 66 pairs of mixed laboratory mice 
(7-16 pairs per treatment group including controls) from 1 month 
before mating until 5 months after. The average number of 
l itters per pair decreased from 1.67 (0 ppm) to 0.2 (37.5 ppm)
ex c e p t  for the 10 ppm group, which had 2.0. Th e  average number 
of young per litter dec r e a s e d  from 7.93 (0 ppm) to 3.0 (30 pprr)
and to 5.0 (37.5 p p m ' -
In the se c o n d  experiment, 5 ppm Kepone wa s  fed to 36 pairs 
of BALB/c m i c e  from 1 month before mating until 4 months after. 
T w e n t y - f o u r  other pairs served as untreated controls. T r e a t e d 
pairs had 15.3% fewer first litters (95.8% in controls vs 80.55% 
in treated animals) and 28.2% fewer second litters (78.2% vs 
50. 0%, P=0. 05) .
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In the third experiment, 5 ppm Kepone was fed to 20 pairs 
of the progeny of the treated animals in experiment two. No 
Kepone was fed to 23 other pairs of the prog e n y  of the trea t e d 
anim a l s  in experiment two, and no Kepone was fed to 21 pairs of 
the progeny of the u n t r e a t e d  controls in e x p e r i m e n t  two. For 
treated animals in e x p e r i m e n t  three, Kepone was fed from 1 month 
before mating until 3 months after. Reproduction was d e creased 
in treated anim a l s  and in the untreated test progeny when 
c o m pared with u n t r e a t e d  control progeny. The percent of pairs 
b ear i n g  first litters was 25.4%, 30.4%, and 71.4% (P=0.05),
respectively. The percent of pairs bearing second litters was 
15.0%, 8.7%, and 28.6%, respectively. The n u m b e r s  of pups per
l itter were 4.40, 4.29, and 5.60, respectively, for the first 
l itter and 5.34, 6.0, and 6.5 for the second litter. The author 
c o n c l u d e d  that r e p r o d u c t i v e  p h y s i o l o g y  would probably be a f f e c t e d 
by dcses c o n s iderably lower than those t e s t e d  in this study 
[271].
In anot h e r  study [272 ], reproduction, as i n d i c a t e d  by 
t otal offspring p r o duced by groups of 8 pairs of mice, dec r e a s e d  
by 23.9-87% c o m pared with controls in BALB/ c J a x G n M c  mice fed 
1 0-3 7 . 5  ppm Kepone. Average number of animals per litter, number 
of litters produced, and survival to w e a n i n g  also decreased as 
K epone c o n c e n t r a t i o n  increased. Matings betw e e n  Kepone-fed 
f e m a l e s  and control males as well as b e t w e e n  c o n t r o l  f e m a l e s  and 
K e p o n e - f e d  m ales at 40 ppm indicated that Kepone had an e f f e c t  on 
the repr o d u c t i v e  syst e m s  of both sexes, although mostly on the 
f emale [ 272 ].
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Two e x p e r i m e n t s  were conducted to det e r m i n e  the effect of 
m i r e x - i n d u c e d  o v u l a t i o n  in rats [273], Immature Long-Evan strain 
rat s  were injected with 0.2-50 mg of mirex. After a d m inistration 
of pregnant mare serum (PMS), the number of ova was redu c e d  
40-80?? at all treatment levels, except at 0.2 mg, with a 
progr e s s i v e l y  greater effect as the i n s e c t i c i d e  dosage was 
i n c r e a s e d  (P<0.05 at 0.04 mg mirex and PC0.01 at 0.8-50 mg 
mirex). In a se c o n d  study undertaken to d e termine whether mirex 
was affecting the r e l e a s e  of luteinizing h o r m o n e  (LH) or directly  
i n h i b i t i n g  f o l l i c u l a r  rupture, injections of 6, 25, and 50 mg of 
m i r e x  administered 48 hours after PMS were followed by the 
a d m i n i s t r a t i o n  of Human C h o rionic G o n a d o t r o p h i n  (HCG). HCG 
o v e r c a m e  the i n h i b i t o r y  effect of the insecticide, suggesting the 
o v a r y  was not the primary site of action for mirex. I n jections 
of mirex p r e c e d i n g  the PM S - i n d u c e d  release of LH i n h ibited  
ovulation, but i njections f o l lowing the release of LH did not 
ef f e c t  ovulation. The data suggest m irex affects neural 
m e c h a n i s m s  which c o n t r o l  the release of LH to inhibit P M S - i n d u c e d  
o v u l a t i o n  [ 273 ].
During 1971, Deichmann and MacDonald [274] and Deichmanr 
and a s sociates [275], treated male and female beagle dogs or a l l y  
by capsule for 14 months with either 0.15 mg/kg aldrin, 0.3 mg/kg 
aldrir, 12 m g / k g  p,p'-DDT, or with a mixture of 0.15 mg/kg aldrin 
plus 6 mg/kg .p,p'-DDT. Breed i n g  occurred 0.5-9 months after 
dosing. R e p r o d u c t i o n  was severely affected in all four treatment 
groups. Out of 15 treated females, 6 had delayed estrus (with 1 
or 2 of these 6 dogs in each treatment g r o u p ) . Two females given
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DDT did not c o n c e i v e  after several matings. Of 11 males, 2 given 
0.3 irg/kg a l d r i n  and 1 given 12 mg/kg DDT could not mate during 
the study. One male g i v e n  0.3 mg/kg aldrin and one given the 
a l d r i n / D D T  mixture could not mate until late in the study. All 
treated females had decreased mamm a r y  develo p m e n t  and irilk 
pr o d u c t i o n  assoc i a t e d  with first litters. Rega r d l e s s  of 
treatment, half of all deliv e r i e s  had s t i l l b i r t h s  (usually one). 
S u r v i v a l  of 8 first litters until weaning was only 32% (13/32) 
c o m p a r e d  with 84% of the pups of controls. All 18 control 
females conceived and 16 nonbreech deliveries produced 93 pups. 
In summary, the adverse r e p r o d u c t i v e  effects from these 
pe s t i c i d e s  i n c l u d e d  delayed estrus, d i minished libido, p r e sence 
of stillbirths, reduction in m a m m a r y  develo p m e n t  and milk 
production, and high off s p r i n g  mo r t a l i t y  [ 274,275 ],
Thomas [ 276 ] tested a number of pesticides for male 
r e p r o d u c t i v e  effects in mice. Tec h n i c a l  DDT orally a d m i n istered 
by intubation at doses of 12.5-50 mg/kg caused a s i g n i ficant 
r e d u c t i o n  (P<0.05) in the prostate gland's ability to a s s i m i l a t e  
r a d i o i s o t o p e - l a b e l e d  testosterone. Labeled DDT was found to 
c o n c e n t r a t e  in the prostate and te s t e s  within 1-2 h o u r s  after 
o r a l  administration, and a m o u n t s  were still present in e p i d i d y m a l  
fat as long as 12 days later. Ten daily ora l  a d m i n i s t r a t i o n s  of 
DDT at 25 or 50 mg/kg resulted in signif i c a n t  r e ductions (P<0.05) 
in t e s t o sterone a c c u m u l a t i o n  in the anterior prostate. D i e l d r i n  
a d m i n i s t e r e d  to mic e  similarly at 1.25-5 mg/kg for 5 days 
s i g n i f i c a n t l y  reduced ( P 0 . 0 5 )  uptake of labeled t e s t o s t e r o n e  by 
the anterior prostate; 2,4,5-T likewise r e d u c e d  t e s t o s t e r o n e
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a ssi m i l a t i o n  by the prost a t e  at 6. 25- 25 mg/kg (P<0.05) [276 ].
Negative results were also o b t ained when Thomas [ 276 ] 
t ested parathion at 1.3-5.3 m g/kg and carbaryl at 8.5-34 m g / k g  in 
the same manner. Neither of t hese inh i b i t e d  testosterone uptake 
by the anterior prostate. Labeled carbaryl was adm i n i s t e r e d  once 
or a l l y  and amounts were found in the prostate, seminal vesicles, 
testes, epididymal fat, and seminal plasma. The fungicide  
th i o p hanate did not affect tes t o s t e r o n e  a b s o r p t i o n  either, 
although the prostate and adrenal glands showed s i g n i f i c a n t  
inc r e a s e s  in weight [276]. Based on the r e d u c t i o n  of 
tes t o s t e r o n e  uptake by the a n t erior prostate, the author 
su g g e s t e d  that the OC p e sticides were the principal c l a s s  of 
p e s t i c i d e s  that exert significant changes upon male r e p r o d u c t i v e  
systems.
In contrast to the previous study, Sht e n b e r g  and R y b a k o v a  
[ 2 7 7 ]  found that daily doses of 7, 14, or 70 m g/kg c a r b a r y l  fed 
to rats for up to 12 months did affect the repr o d u c t i v e  system. 
After 6 months, e s t r o u s  cycles were unusually prolonged (P<0.05) 
by 14 m g / k g / d a y  and likewise at 3 mo n t h s  by 70 m g / k g / d a y  
(P<0.002). Sperm motil i t y  reduction, d i s turbed sperma t o g e n e s i s ,  
and an increase in the number of corpora lutea and atretic  
fo llicles of the ovar i e s  were also observed [277],
H eptachlor was studied in rats by Mestitzova [278] for 
r e p r o d u c t i v e  effects. At 6 mg/kg in the diet, litter sizes in 
several genera t i o n s  decreased and the o f f s p r i n g  death rate 
increased, e s pecially from 24 to 48 hours after birth [278].
Crufomate caused a decreased number of l i t t e r s  among rats
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dipped once in a 10 g/liter x y lene-water-emulsifier solution of 
the test material. The ratio of the number of litters to the
number of bred females was calculated for each day of
application. The only days of dipping causing significant
occurrence were 2 days before and 10 days after mating [279],
Other reproduction indicators such as number of pups/litter were 
not significant.
These demonstrated reproductive effects in animals have 
taken on new importance in light of recent incidents of reduced 
human fertility after exposure to Kepone and DBCP as discussed in 
the previous section. In light of inconsistencies and 
insufficient evidence in studies reported above, guidelines on 
testing for reproductive effects are needed in order that results 
are consistent, repeatable, and interpretable. It is only 
prudent that employers and other responsible parties be aware of 
the possible reproductive effects cited above and take necessary 
precautions.
(5) N e u r o t o x i c  Effects
While acute ne u r a l  intoxication by OP and car b a m a t e  
p e s t i c i d e s  through i-nhibition of AChE is fairly well unders t o o d ,  
m u c h  less is known about the m e c h a n i s m  of the n e u r o t o x i c  effe c t s  
by other types of pesticides. Experimental evidence indicates  
that EDT and perhaps other chlorinated hy d r o c a r b o n  pest i c i d e s  
produce neurologic effects by the i nhibition of Na+, K+, and Mg2+ 
ATPase activity, which c o n t r o l s  the m i g r a t i o n  of these ions at 
n erve endings [55]. Following is a d iscussion of n e u r o l o g i c a l  
and behavioral effects observed in animals administered OC and CP
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S y m p t o m s  of acute poisoning by DDT result 
fro m  e f f e c t s  of DDT on the CNS. DDT induced symptoms, which are 
g e n e r a l l y  simi l a r  in different species, begin with abnormal 
s u s c e p t i b i l i t y  to a l a r m  stimuli, motor unrest, and increased 
f r e q u e n c y  of s p o n t a n e o u s  movements. These symptoms are followed 
by tremors which become constant, and as severity increases, 
attacks of e p i l e p t i f o r m  tonoclonic c o n v u l s i o n s  occur. DDT 
p oi s o n i n g  may u ltimately result in death from v e n t r i c u l a r 
f ibrillation. These symptoms may be caused by a single large 
d ose of DDT as well as by r e p e a t e d  e x p osures to the p e sticide 
[73].
NIOSH r e v i e w e d  literature on the OC pesticides DDT and 
a l d r i r / dieldrin. Several ex p e r i m e n t s  dis c u s s e d  ther e i n  indicated 
that r.eurotoxic effects were produced by these pesticides [2,31]. 
Khairy [280] o b s e r v e d  a progre s s i v e  d e t e r i o r a t i o n  of m u s c u l a r 
e f f i c i e n c y  related to the amount of dield r i n  admi n i s t e r e d  to 
rat s.
London a n d  Pallade [ 2 8 1 ]  found that after chronic diet a r y  
a d m i n i s t r a t i o n  of aldrin to rats, at the rate of 13 mg/kg/day, 6 
days/week, for 6 mo n t h s  and t h e n  at 4.5 mg/kg/day for 7 months, a 
s h o c k - w i t h d r a w a l  reaction required a l o n g e r - d u r a t i o n  e l e c t r i c  
shock to elicit the with d r a w a l  response in treated rats than in 
controls. Acute dosing with a higher level of aldrin (97 mg/kg) 
ha d  the reverse effect of increased excitability.
R egardless of the foregoing, the m e c h a n i s m  of
pesticides.
(A) Or g a n o c h l o r i n e  P e s t i c i d e s
196
a l d r i n / d i e l d r i n  a c t ivity is not completely understood, a l t hough a 
m e t a b o l i t e  may be the actual act i v e  agent [2]. The g e n e r a l  
symptoms a t t r i b u t e d  to a l d r i n / d i e l d r i n  poisoning include CNS 
stimulation, c o n v u lsions, headache, nausea, vomiting, and 
dizziness. Unlike DDT, convul s i o n s  may occur without p r e vious 
sy m ptoms [ 55 ].
Huber [ 272], as reported in 1965, fed Kepone to BALE/c 
s t r a i n  mice and found 80 ppm or higher to be lethal to all 
animals in no more than 32 days. No deaths o c c u r r e d  when Kepone 
was fed at 40 ppm over 12 months. Bithin 4 weeks, all m i c e  fed 
Kepone at 30 ppm or higher developed a constant tremor s y n d r o m e  
which t e rminated no later than 4 weeks after withdrawal of Kepone 
from the diet. These n e u r o l o g i c  signs are probably c o r r e l a t e d  
with the n e u r o l o g i c  e f f e c t s  o b s e r v e d  in workers poisoned by
occu p a t i o n a l  exposure to Kepone [282]. Such effects i n c l u d e d  
weight loss, tremor, unusual ocular motility, and arthralgia. 
Kepone appears to produce n e u r o l o g i c  effe c t s  involving the 
cent r a l  and p e r i p h e r a l  n e r v o u s  systems.
While d ifferences exist among the s y m ptoms caused by the OC 
pesticides, they do have a tendency to affect the CNS. I n c r e a s e d  
s e n s i t i v i t y  often results and causes tremors or convulsiors.
These effects can be caused by high, acute dosage or by low, 
chro n i c  administration.
(B) O r g a n o p h o s p h o r u s  P e sticides
Dela y e d  n e u r o t o x i c  effects in humans have
been reported e a r l i e r  for the OP pesticides leptophos and m i p a f o x  
[40,87]. Ax o n a l  damage and s e c o n d a r y  d e m y e l i n a t i o n  are suspected
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to be the causes of such effe c t s  and result in weakness of the 
m u s c l e s  innervated by the damaged nerve fibers. Regeneration of 
the nerve occurs slowly and not always comp l e t e l y  [55].
Damage and demyelination of peripheral nerves and, in soire 
cases, tracts in the spinal cord have been demonstrated 
uneguivocably in experimental animals. Leptophos and mipafox, 
two compounds which have demonstrated similar neurotoxicity in 
humans, produce like effects in chickens. Chickens are the 
species most sensitive to these toxic effects and have been used 
extensively to test OP pesticides.
The n e u r o t o x i c i t y  of OP c o m p o u n d s  has been reviewed [283,
284]. In 1975, J o h n s o n  [283] reviewed the n e u r o t o x i c i t y  of 226
compounds; however, mos t  of these were not regi s t e r e d  pesticides.
Of these c o mpounds reviewed by Johnson, h a l o x o n  [285], EFK
[ 286,287 ], S ,S, S - t r i b u t y l p h o s p h o r o t r i t h i o a t e  [ 288 ], S,S,S-
t r i b u t y l p h o s p h o r o t r i t h i o i t e  [288], and c a r b o p h e n o t h i o n  [ 9 9 ,282]
are currently, r e gistered p e s t i c i d e s  w hich produced p e r s i s t e n t ♦
ata x i a  when administered to chickens (see Table XIV-14). 
A l t hough ataxia produced by EPN was not delayed for the usual 
8 -14 days [283], as is ch a r a c t e r i s t i c  with m o s t  n e u r o t o x i c  OP 
c o mpounds, the ataxia was persi s t e n t  and lasted more tha n  3G8 
days. In addition, Gaines [99] reported p e rsistent ata x i a  in 
chickens, lasting more than 330 days, after subc u t a n e o u s  
a d m i n i s t r a t i o n  of EPN. Ataxia produced by S,S,S-
t r i b u t y l p h o s p h o r o t h i o i t e ,  S , S , S - t r i b u t y l p h o s p h o r o t r i t h i o a t e ,  and 
halo x o n  was both pers i s t e n t  and delayed.
In addition to FPN, Gaines [99] also found delayed ataxia
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in chickens when dosed with S , S , S - t r i b u t y l p h o s p h o r o t r i t h i o i t e ,
S,S,S- t r i b u t y l p h o s p h o r o t r i t h i o a t e ,  and chlorpyrifos. A l t hough 
de l a y  of ataxia was 14 days for S , S , S - t r i b u t y l p h o s p h o r o t r i t h i o i t e  
and S , S ,S - t r i b u t y l p h o s p h o r o t r i t h i o a t e ,  it was only 3 day s  for 
c h l o r p y r i f o s  and was not persistent. Possible delayed ataxia 
ca u s e d  by c h l o r p y r i f o s  has not been reported elsewhere [28 3 , 2 8 4 ]  
and, consequently, further work is needed to clar i f y  the possible 
n e u r o t o x i c i t y  of this compound.
MK Johnson (written communication, May 1978) reported that 
c a r b o p h e n o t h i o n  caused delayed ataxia at 2 sub c u t a n e o u s  doses of 
500 mg/kg. Ataxia produced by c a r b o p h e n o t h i o n  in Gaines' work 
[ 9 9 ]  was not delayed, b u t  was persistent, lasting more than 53 
days (pericd cf observation, .
Casida et al [ 289 ] tested 0- (2,4-dichlorophenyl)
0 - m e t h y l  (1 - m e t h y l e t h y 1 ) p h o s p h o r a m i d o t h i o a t e  (DMPA) by injection 
in hens and found that either 50 m g / k g  for 10-14 days or 100 
m g / k g  for 7 days produced ataxia signs in 21 d^ys. Part i a l■j
re c o v e r y  from the delayed n e u r otoxicity o c c u r r e d  slowly after a 
p e r i o d  of t hree months.
It should be noted that with few exceptions, f l u o r i d e  
e s t e r s  of OP acids c a u s e  delayed ataxia in chickens. CFP, 
mipafox, dimefox, and butafox [283] are examples. Although these 
com p o u n d s  are not r e gistered for sale in the US, e x p e r imental or 
d e v e l o p m e n t a l  use or im p o r t a t i o n  of the c o m p o u n d s  in t his class 
could lead to undesired effe c t s  in humans. As reported earlier, 
two cases of delayed n e u r o t o x i c i t y  caused by mipa f o x  o c c u r r e d  in 
la b o r a t o r y  workers who were e x p e r i m e n t i n g  with insecticides.
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(C) Behavioral Effects
Concern that pesticides may have subtle
effects on human behavior, at doses lower than those which
produce grossly observable neurologic effects, directed attention 
towards behavioral effect experiments. A number of pesticides 
have been tested for behavioral effects in animals. Several will 
be discussed here, including dichlorvos, parathion, DET,
dieldrin, and crufomate.
Behav i o r a l  effects have been o b s erved in rat e x p e r i m e n t s  
wit h  a series of c h l o r o v i n y l  OP esters. Brim b l e c o m b e  et al [290]
f o u n d  that preening activity, rearing, and defec a t i o n  frequency
in an open field were a f f e c t e d  by phosphate esters at dose levels 
which did n o t  c ause d e t e c t a b l e  inhib i t i o n  of AChE activity. The 
dose levels at which these effects were observed were
s u b s t a n t i a l l y  below the pesticides' LD50 values. One of the 
c o m p o u n d s  tested was dichlorvos (DDVP). The minimal e f f e c t i v e  
s inqle dose>Jjof DDVP required to produce the behavioral chan g e s
o b s e r v e d  was a p p r o x i m a t e l y  0.2 mg/kg. The ratio of the LD50 of
D DVP to the e f fective b ehavioral dose was 175. Other c o mpounds  
tested were 2 - c h l o r o e t h y l - 2 , 2 - d i c h l o r o v i n y l e t h y l p h o s p h o n a t e ,  
2 - f l u o r o e t h y l - 2 , 2-d i c h lorovinyl m e t h y l p h o s p h o n a t e ,  and 5 simi l a r  
s y n t h e s i z e d  esters. The ratio of LD50 to e f f e c t i v e  b ehavioral 
d ose for these compounds ranged from <3 to >100.
In another study, Reiter et al £ 2 9 1 ]  stud i e d  pa r a t h i o n ' s  
effect on learning in mice. S ubchronic oral doses c o n s i s t i n g  of
1-4 mg/kg p a r a t h i o n  on 6 s u ccessive days prior to a learning 
trial did not affect learning, despite o b s e r v e d  depre s s i o n  of
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blood AChE activity. The authors sug g e s t e d  that c o m p e n s a t o r y  
m e c h a n i s m s  were ope r a t i n g  which allowed the mice to learn even 
after repeated parathion a d ministration. However, in a separate 
e x p e r i m e n t  a single acute dose of 6 m g/kg p a rathion After an 
18-hour fasting period (approximately one - t h i r d  of the LD50) 
a b o l i s h e d  learning cap a b i l i t i e s  in the 90% s u r v i v i n g  mice.
Despite the apparent effects of acute and chronic e x p o s u r e  
to OC insecticides upon the CNS, until recently, little attention 
had been paid to the i n fluence of these com p o u n d s  on b e h a v i o r a l  
systems. S c u d d e r  and E i c h a r d s o n  [292] found that DDT in very low
doses (0.1 or 1.0 mg/1) in d r i nking water of pregnant m i c e  and
their offspring resulted in a significant decrease in the
a g g r e s s i v i t y  of isolated y o u n g  males. Sobo^ka [293] reported 
al t e r a t i o n s  in several behavioral and n e u r o p h y s i o l o g i c  p a r a m e t e r s  
in mice after single low doses of DDT. Explor a t o r y  a c t i v i t y  in 
an open field was signi f i c a n t l y  enhanced 24 hours after a single 
o ral dose of 25 m g/kg of DDT. At the same time, the ability of 
animals to h a b i t u a t e  to the o p e n - f i e l d  sit u a t i o n  was reduced. In 
a passive a v o i d a n c e  test, DDT in doses lower than 25 mg/kg 
a l l e v i a t e d  s t r e ss-induced m otor depression. Changes in the
m a x i m u m  electroshock seizure patterns r e flected an increase in 
brain excitability. It has been s u ggested that DDT may 
f a c i l i t a t e  the central e x c i t a t o r y  process, at least partially, by 
a d i s i n h i b i t o r y  mechanism.
Peterle and Peterle [294] studied the e f f e c t s  of feeding 7 
ppm technical DDT on the a g g r e s s i v e  behavior of male mice. Mice 
gi v e n  DDT "lost" m o r e  bouts (as determined by posturing and
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a v o i d a n c e  behavior) and m ade fewer biting attacks than controls. 
The EDT-fed m i c e  were signi f i c a n t l y  less a g g r e s s i v e  than control 
m i c e  and we.re more likely to submit in t e r r i t o r i a l  fights.
Smith et al [295] exposed 7 squirrel m o n k e y s  to d i e l d r i n  at 
two oral doses of 0.10 and 0.01 mg/kg/day for 55 days. Two 
z e r o - d o s e  c o n trols were included. All 9 monkeys were taught a 
visual n o n s p a t i a l  successive d i s c r i m i n a t i o n  task. Ability to 
l earn this task was severely retarded in the high-dose group 
(P<0.003) but not in the low-dose group, when compared with 
c o n t r o l s .
At the end of 55 days, the higher dose group was shif t e d  to 
the lew dose, the low-dose group was shifted to the high-dose, 
and the c o n t r o l s  con t i n u e d  at zero exposure. During the 
fol l o w i n g  54 days, all group performances remained at 
a p p r o x i m a t e l y  the levels a c h i e v e d  at the end of the p r e shift 
period. The a u t h o r s  c o n c l u d e d  that the high dose had disrupted 
learning acquisition, and speculated that this effect was due to 
d i s r u p t i o n  of the activity of the hippocampus, which is ne c e s s a r y  
for initial learning but not for retention of a learned task. 
T h i s  appears to demons t r a t e  stat e - d e p e n d e n t  learning.
R esults of the animal b e h a v i o r a l  studies cited above are in 
s o m e  cases i n c o n s i s t e n t  and are often too scant to serve as a 
basis for r e c o m m e n d e d  control procedures. However, they do point 
out the possible subtle changes that may take place in humans 
e x p o s e d  to various pesticides.
In summary, many factors, i n cluding indiv i d u a l  
s u s c e p t i b i l i t y  due to v a r i a t i o n s  in genetic m a k e u p  of
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individuals, age, sex, s y n ergism caused by m u l t i p l e  exposures, 
f r a c t i o n i z a t i o n  of doses, and extrinsic factors such as 
temperature, aff e c t  the toxicity of pesticides. Attention should 
be given to the chronic i r r e v e r s i b l e  effects dem o n s t r a t e d  for 
c ert a i n  pesticides. Carcinogenic and n e u r o t o x i c  e f f e c t s  of 
c e r t a i n  pesticides have been demonstrated in m a n  and animals, and 
the literature reveals a substantial number of reports on 
teratogenic and m u t a g e n i c  effe c t s  in laboratory animals and in in 
vitro test systems. A continuing c o n t r o v e r s y  is the use of 
animal t o x i c o l o g i c  data to predict effects in man, but it is well 
e s t a b l i s h e d  that m a n y  toxic effects observed in humans were 
o b s erved first in e x p e r i m e n t a l  animals. Accordingly, the use of 
animal data as a surrogate for human data is warranted in order 
to anticipate potential human toxic effects and to develop the 
best and safest protective m e c h a n i s m s  in the m a n u f a c t u r e  and 
f o r m u l a t i o n  of pesticides.
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IV. EN G I N E E R I N G  CO NTROLS
Worker e x p o s u r e  to pesticides can occur during 
m a n u f a c t u r i n g  and formul a t i o n  when chemicals spill, leak, or 
di scharge from the process system and c o n t a m i n a t e  areas where 
workers are present. The most frequently reported i n dustrial 
e x p o s u r e  occurs durinq the transfer of m a t erials £29]. Product 
packaging, drum and barrel filling, and bag or sack filling are 
typical transfer o p e r a t i o n s  with high exposure risks. The entry 
of workers into systems, equipment, or enclosures that are 
c o n t a m i n a t e d  may occur inadvertently, but routine servicing, 
non s c h e d u l e d  maintenance, and process moni t o r i n g  appear to be the 
kind of a c t i v i t i e s  with pot e n t i a l  for s ignificant exposure. 
[ 29 ].
Both t ypes of e x p o s u r e  can be c o n t r o l l e d  and reduced by the 
proper design, construction, use, and m a i n t e n a n c e  of plant 
equipment. E n g i n e e r i n g  controls are less influenced by 
u n p r e d i c t a b l e  human factors than are work practices. They are 
usua l l y  more reliable and effective, and when coupled with a 
w e l l -designed preve n t i v e  m a i n t e n a n c e  program, c o nstitute the 
p r e f e r r e d  control strategy. However, due to the wide variety of 
p ro c e s s e s  and e g uipment used in the p e sticide industry, detailed 
e n g i n e e r i n g  s p e c i f i c a t i o n s  must vary with the situation in a 
s p e cific facility. Differ e n c e s  between processes exist in the 
o p e r a t i n g  p r e ssures and temperatures, in the toxicity of the
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m a t e r i a l s  handled, in the p h y sical properties of the materials,  
and in the c l i m a t i c  conditions, all of which affect the design of 
e n g i n e e r i n g  controls.
Current workplace air sta n d a r d s  {29 CFP 1910 Subpart Z) and 
pr e vious NIOSH c r i teria documents dealing with p e s t i c i d e s  
(Appendices III and IV) have cir c u m v e n t e d  the problems a s s o c i a t e d  
with specific facility s i t u a t i o n s  by e s t a b l i s h i n g  e n v i r o n m e n t a l  
(workplace air) e x p o s u r e  limits which dictate a p e r f o r m a n c e  
s t a n d a r d  but leave actual design of c o n t r o l s  to employers. 
E ngineering controls should prevent e x p o s u r e s  greater than those 
specified.
The g e n e r a l  princ i p l e s  of control s t r ategy and e n g i n e e r i n g  
c o n t r o l s  for p esticides are best illustrated by reviewing past 
i n s t a n c e s  of e x p o s u r e  and o b s e r v a t i o n s  m ade during recent plant 
visits. Exposure caused through p e s ticide es c a p e  from e q u i p m e n t 
intc work a reas can be by avoided by e n c l o s i n g  and isolating 
p roc e s s  systems. in those cases where e x p o s u r e  occurs when 
workers enter c o n t a m i n a t e d  process areas, a p p l i c a t i o n  of reirote 
h a n dling techn i q u e s  to sampling and e q uipment servicir.q 
o p e r a t i o n s  will provide protection. E n q i n e e r i n g  controls are 
a p p l i c a b l e  in e x i s t i n g  o p e r a t i o n s  through retrofitting. In new 
plants, ap p r o p r i a t e  controls should be incorporated in the 
o r i g i n a l  designs.
In the following sections, the basic processes involved in 
pesticide manufacture and formulation are described. Some cases 
of worker exposure and pesticide escape are cited and discussed 
and suggestions for appropriate engineering controls are made.
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F o llowing this process overview is a review of specific 
problems c o m m o n  to both p e s ticide m a n u f a c t u r i n g  and f o r m u l a t i n g 
o perations, including materials transfer, packaging, leakage, 
i ntentional or u n i n t e n t i o n a l  discharges, e q u i p m e n t  maintenance, 
and process monitoring. The equipment and areas where failure or 
e m p l o y e e  e x p osure are likely to occur are identified. 
E n g i n e e r i n g  c o n t r o l s  that can be implem e n t e d  to control these 
e x p o s u r e s  are described.
M a n u f a c t u r i n g  Processes
The m e t h o d s  and processes used in p e s t i c i d e  m a n u f a c t u r e  
vary as grea t l y  as the c h e m i c a l  s t r u c t u r e s  of the products. 
M anuf a c t u r i n g  can be acc o m p l i s h e d  on a c o n t i n u o u s  basis, on a 
b atch basis, or on a s e m i c o n t i n u o u s  basis. Desp i t e  the variety 
of processes, most pes t i c i d e  m a n u f a c t u r i n g  can be b r o k e n  down 
into the same basic proc e s s  steps.
First, raw m a t e r i a l s  are made a v ailable for processing.  
Som e  starting mat e r i a l s  are d e l ivered and stored at the plant. 
However, because many pes t i c i d e  opera t i o n s  are part of a larger 
in t e g r a t e d  c h e mical plant, raw mat e r i a l s  are o ften p r o d u c e d  on 
site. F o r  example, chlorine, an ingredient in the m a n u f a c t u r e  of 
m any pesticides [296], is produced by some c o m p a n i e s  for use in 
their pes t i c i d e  synthesis [8 (p 24) ]. Raw m a t e r i a l  storage and 
d i s p e n s i n g  o p e r a t i o n s  have their own health hazards. For 
instance, the human c a r c i n o g e n  vinyl chloride is a raw m a t e r i a l  
used in making endrin [ 8 {p 32) ]. Maddy and Edmiston £297 ] 
re p orted an exposure to h e x a c h l o r o c y c l o p e n t a d i e n e ,  another
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i n gredient in pesticide manufac t u r i n g ,  in the transfer of raw 
materials. The following are examples of intermediates used in 
the production of pesticides: arsenic trioxide, acrolein,
ammonia, aniline, atrazine, benzene, bromine, b r o m o c h l o r o m e t h a r e , 
butyl mercaptan, carbon disulfide, cresol, dioxane, 
dipherylamine, epichlorohydrin, ethylene dibromide, e t h ylene 
oxide, formaldehyde, hydrogen sulfide, methyl chloride, phenol, 
phosgene, sod i u m  hydroxide, s u l furic acid, thio n y l  chloride, and 
t r i c h l o r o e t h y l e n e  £298]. Some of these c h e micals are also 
r e g i s t e r e d  pesticides.
The next basic part of pesticide m a n u f a c t u r i n g  is actual 
p r o d u c t i o n  of the pesticide chemical. In the processing of 
n a t u r a l  pesticides, such as pyrethrum, r e f ining is the only step. 
Othe r w i s e ,  p roduction begins with synthesis of the pesticide in a 
s i n g l e  or m u l t i s t e p  c h e m i c a l  process. Virtually every basic type 
of organic c h e mical r e a ction is involved in the ma n u f a c t u r e  of 
p e s t i c i d e s  £298 ]. Monitoring the chemical reaction, as it takes 
p lace allows an o p t i m i z a t i o n  of the pesticide synthesis, tut 
e x p o s u r e s  have o c c urred from opening sample ports £128] and from 
a n a l y z i n g  samp l e s  £ 297 ].
Synthesis is usually performed in reactors which may te 
eguipped with coils for t e m p e r a t u r e  control and with an impeller 
for mixing. Maintenance of such pesticide reactor eguipment has 
r e s ulted in serious worker exposures £113].
The next step in the m a n u f a c t u r i n g  process is the 
s e p a r a t i o n  of the pe s t i c i d e  from u n reacted ingredients, such as 
s u l f u r i c  acid in DDT manufacturing, from by-products, suc h  as
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s o d i u m  sulfate in DDT m a n u f a c t u r i n g  [296 ], and from solvents, 
such as dioxane in monuron m a n u f a c t u r i n g  [298]. Separation is 
p e r f o r m e d  using various equipment, such as filters, extractors, 
strippers, and centrifuges. Cen t r i f u g i n g  has been a potential 
e m i s s i o n  source in the m a n u f a c t u r i n g  of a r y l o x y a l k a n o i c  acids 
[ 299 ]. Some residual pesticide will be present in the separated 
materials; therefore, containment and treatment may be necessary 
b efore disposal or reuse. Brown [143] reported eye and skin 
in j u r y  from exposure in a m a n u f a c t u r i n g  plant where unused 
r e a c t a n t s  were recycled to synthesize triazapentadienes.
Pesticidal chemicals are usually further refined in anot h e r 
p u r i f i c a t i o n  step. I n  some cases, i m p u r i t i e s  in p esticides iray 
p o s e  a greater health hazard than the pesticide itself. A nunber 
of cases of toxic reaction to t e t r a c h l o r o d i b e n z o d i o x i n  (TCED) 
c o n t a m i n a t i o n  in c h l o r i n a t e d  phenol- d e r i v e d  pesticides have been 
r e p o r t e d  [53,124]. The equ i p m e n t  c o m m o n l y  used to purify 
p e s t i c i d e s  includes e xtractors, stills, e v a p o r a t o r s ,  and dryers. 
W h e n  v entilating air passing through that e q u ipment is used to 
t ra n s p o r t  contaminants, it may also carry pesticides. Such 
o p e r a t i o n s  require c o n t r o l s  to prev e n t  worker exposure.
The final major step in pesticide manufacture is that of 
packaging. Depending on customer requirements, pesticides may be 
packaqed in a variety of vessels ranqing froir small glass 
containers to railroad cars. The packaging system used is a 
function of product form, ie, powder, dust, liguid, granular 
solid, or gas. The packaging operation may be performed remotely 
with automatic dispensing, weighing, and sealing equipment but is
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mo r e  f r equently performed with a local exhaust system or without 
any specific controls. A p a ckaqing o p e r a t i o n  in which there is 
no attempt to limit the e n t r a n c e  of p e sticide vapors, qases, 
dusts, or aerosols into the atmosphere of the workplace has a 
large potential for worker exposure £8].
F ormulating Processes
While m a n u f a c t u r i n g  is a chemical process y i e l d i n g  
t e c h n i c a l  g rade pest i c i d a l  chemicals, formulation is a physi c a l  
proc e s s  yielding a finished pes t i c i d e  product with the form and 
strength r e q uired for its specific use. There are over 40,000 
F e d e r a l l y  r e gistered pes t i c i d e  forirulations, but the p h y s i c a l  
form of each is liirited to a few basic c ategories as discussed 
below [ 1 ].
(a) Dusts
Dusts are f o rmulated for use without a d d i t i o n a l  processing. 
The act i v e  ingre d i e n t  or p e s t i c i d e  is diluted to a c o n c e n t r a t i o n  
usually ranging from 0.1 to 20.0% by mixing with a diluent or 
c a r r i e r  £ 300 ]. In g r e d i e n t s  commonly used as carriers in dusts 
incl u d e  flour, lime, gypsum, sulfur, sand, clay, and talc. 
Although these ingredients are described as inert with respect to 
p e s t i c i d e  strength, several are r ecognized health hazards: Talcs
s o m e t i m e s  c o n t a i n  asbestos fibers, and c e r t a i n  allotropes of 
sulfur are e f f e c t i v e  p esticides in themselves. Other additives 
incl u d e  s t a b i l i z e r s  and dyes.
As are mos t  formul a t i o n  operations, f o r m u l a t i o n  of d u s t s  is 
a batch process. An exam p l e  is the f o r m u l a t i o n  of m e r c u r o u s
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c h l o r i d e  into its final form. First, the mer c u r o u s  c h l oride is 
emptied from its container into a mill. After grinding, it is 
t r a n s ferred to a m ixer for blending with fine clay and a 
v e g etable dye to add color. Mills used for grinding dusts 
i n c l u d e  hammer mills, impact mills, vertical roller mills, and 
fluid energy mills. The blending of solids is performed in a 
ro t a r y  drum mixer. The final product is packaged in 10-gallon 
fiber drums [296 ].
Hartwell and Hayes [301 ] compared the health effects of 
worker exposure during f o r m u l a t i o n  of p a rathion and m e v inphos 
dusts and m e a s u r e d  the frequency of p o isoning cases and 
i n h i b i t i o n  of c h o l i n e s t e r a s e  (ChE) activity. The study indicated 
that c o n c e n t r a t i o n s  of airborne dust were freguently high enough 
to produce severe sympt o m s  in exposed workers. E n g i n e e r i n g  
c o n t r o l s  that would prevent such exposures include local exhaust  
s y s t e m s  operated together with an eff e c t i v e  general v e n t i l a t i o n  
s ystem and a clean, filtered air supply. With proper attention 
to the design of such systems, one can readily control a i r borne 
d u s t .
(b) Wettable Powders
Powders may be formulated for d i s p e r s i o n  in water before 
use. Wettable powders can be made with the same eguipment as 
dusts. These powders usually cont a i n  15-75% active ingredient,
1-2% surfactants, and the balance is mad e  up of inerts [300]. 
For instance, DDT has been blended with silica, a wetting agent, 
and a d ispersing agent, to yield a 76% DDT wettable power. 
Subsequently, the mixture is ground to the desired particle size
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and packaged in 55-pound bags [ 296 ].
Wolfe and Armstrong [ 18 ] conducted a survey of potential 
worker exposures in the f o r m u lation of 50% DDT wettable powder. 
The y  found that the worker who dispensed ingred i e n t s  into the 
blender had a potential exposure of 33 mg DDT/hour. The tagger 
who filled 50-pound bags had a p o tential e x p osure of 160 mg/hour, 
while the bagger of 4- and 5-pound bags had a potential e x p o s u r e  
of 539 mg/hour. These d ifferences in e x p o s u r e  levels are 
d i r e c t l y  related to the number of c o n t a i n e r s  handled by the 
bagger, to the number of container opening and clos i n g  
operations, and to the number of filling operations, all of which 
hav e  e x p osure potential. Wettable powders can be cont r o l l e d  with 
syst e m s  of simi l a r  design to those reguired for dusts.
(c) Granules
Granular formulations are intended for direct ae r i a l  and 
g round application. Their compositions are similar to those of 
dusts, but the method of prepar a t i o n  is different. A g r a nular 
carrier within a 30-60 mesh p a r t i c l e  size, such as vermiculite, 
d i a t o m a c e o u s  earth, ground corn cobs, or ben t o n i t e  is impregnated 
w ith a solut i o n  of the active ingredient. Insoluble solid 
p e s t i c i d e s  are melted for impregnation. The actual p r o c e s s  
involves spraying the carrier with active i ngredients while the 
m a t e r i a l  is mixed in a ribbon or drum blender [300].
Deeken [134] r e p o r t e d  six cases of c h l o r a c n e  arising frorr 
e x p o s u r e  to 2 , 6 - d i c h l o r o b e n z o n i t r i l e , the active ingredient used 
in a granular formulation. C o n t a m i n a t i o n  of workers' skin and 
c l o t h i n g  can be controlled by c o m plete enclosure of the ope r a t i o n
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w ithin a ducting system and remote ope r a t i o n  or m o nitoring of the 
spraying operation. A secondary measure of protection w ould be 
provided by a well-designed local exhaust system to assure 
c o n t i n u o u s  remo v a l  of a i r borne particulates or mists.
(d) E m u l s i f i a b l e  C o n c e n t r a t e s
Emu l s i f i a b l e  c o n c e n t r a t e s  represent the liguid phase 
e g u i v a l e n t  of wettable powders. The c o n c e n t r a t i o n  of active 
ingr e d i e n t  usually ranges from 15-80%; s u r f a c t a n t s  c onstitute 
about 5%; and the balance is an organic solvent such as xylene, 
m e t h y l  isobutyl ketone (MIBK), or amyl acetate [300]. The 
ingredients are blended in an im p e l l e r - a g i t a t e d  mixing tank. for 
example, disulfoton, an OP, is dissolved in xylene, and packaged 
in 1-, 3")-, and 55-gallon drums [ 296 ].
(e) L i g u i d  Formulations
Liguid f o r m u l a t i o n s  are r e a d y - m a d e  for a p p l i c a t i o n  by spray 
or dip. Pesticide s o l u t i o n s  are o ften formulated by d i ssolving 
a c t i v e  ingred i e n t s  in the a ppropriate solvent. The solution is 
agita t e d  in a mix tank, often e q u ipped with c o o l i n g  coils which 
m a i n t a i n  a desi r e d  reaction temperature. Before being pumped 
int o  containers, the solution may be filtered. Examples of such 
f ormulations are trifluralin, 4 pounds/gallon, in aromatic na p t h a  
(mineral s p i r i t s ) , and 20% p y r e t h r i n  in deodorized kerosene 
[296]. Such f o r m u l a t i o n s  may be packaged in metal cont a i n e r s  
ranging from a 1-guart to 55-gallon capacity.
Maddy and Edmiston [ 297 ] reported three cases of me v i n p h o s  
p o i soning among formulators handling liquid pesticides in open 
systeirs. The most frequent cause of e x p o s u r e  was from
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m a l f u nctions in the irixing tanks or from worker entry into these 
tanks. By their nature, liquid f o r m u l a t i o n s  and e m u l s i f i a b l e  
c o n c e n t r a t e s  are more easily contr o l l e d  than dusts and are nrore 
amenable to enc l o s u r e  and isolation.
(f) Aerosols and Fumigants
An aerosol is c h a r a c t e r i z e d  by its form of packaging and by 
the s uspension of fine solid or liquid par t i c l e s  that result in 
its application. T hese pesticides are held under p r e ssure in 
cans cr bottles and are applied directly from their cont a i n e r s  ty 
spraying. Aeros o l s  usually consist of 2% or less of the active
ingredient, and the r e maining ingredients consist of a solvent, a
p r o p e l l a n t  such as n i t r o g e n  or ca r b o n  dioxide, and any of a wide 
range of additives. Because such f o r m u l a t i o n s  are widely used in 
homes, they may contain odor suppressants, perfumes, antimildews, 
repellents, or synergists such as p i p e r o n y l  sulfoxide, 
propylisome, or p i p eronyl butoxide. The purp o s e  of the synergist 
is to promote the action of the pesticide [296].
Fumigant f o r m u lations are generally self propelled; the 
ac t i v e  ingredient c o n c e n t r a t i o n  is usually 90% or more and the 
p r o p e l l a n t  is 10% or less. Methyl bromide is stored in closed  
r e f r i g e r a t e d  systeirs and p a c k a g e d  in gas cylinders, together with 
c h l o r o p i c r i n  whose l acrimating effect serves as a warning agent 
[ 296 ].
Maddy and Edmiston [297 ] cited the case of a pes t i c i d e
f o r m u l a t i o n  worker who was burned by m e t h y l  bromide wher, it
e s c a p e d  from a closed d i s t r i b u t i o n  system. The filling and 
h a n d l i n g  of p r e s s u r i z e d  c ontainers carry a risk of e x p l o s i o n  or
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other release of irate rial. C a l i f o r n i a  recorded an instance of 
eye injury whe n  an e x ploding can of in s e c t i c i d e  caused chemical 
conjunctivitis [ 297 ]. In processes used to prevent c o n d e n s a t i o n  
and corrosion within the container, many gases are dried over 
s ilica gel before packaging, leaving contaminated silica gel that 
mus t  e v entually be removed and replaced.
Problems in pressurized systems frequ e n t l y  arise from leaks 
at jcints, connections, on-off valves, and pressure relief 
valves. In some cases, c o r rosion within the sy s t e m  is a result 
of chemical i n t e r a c t i o n  with lubricants and sealers. Engine e r i n g 
c o n trols that can be applied include remote handling and 
monitoring, pressure sensors, and frequent m a i n t e n a n c e  to detect 
corroded or loose fittings before failure occurs.
Squipirent and Process C o n trols
Certain basic types of equipment and p r o c e s s e s  are used in 
both the m a n u f a c t u r e  and f ormulation of pesticides. The 
e q u i p m e n t  is subject to failures and other p r o blems res u l t i n g  in 
worker exposure. The f o l lowing sections discuss some of the 
p a r t i c u l a r  e q u i p m e n t  involved, p articular modes of failure, and 
the common problems associated with pe s t i c i d e  operations. 
Specific cases of reported worker exposures to pesticides are 
cited and discussed as well as the e n g i n e e r i n g  methods that 
should be used to prevent such exposures.
(a) M a t erials Transfer
The s p e c i f i c  hardware a s s o c i a t e d  with materials transfer 
i n c ludes piping systems, pumps, valves, couplings, belt c o nveyors
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and bucket elevators, hoppers and r e c e i v i n g  bins, and holding and 
d i s p e n s i n g  tanks. Pipes, hoses, and lines are potential sources  
of pesticide e m i s s i o n s  since they may rupt u r e  and leak at joints. 
Pipe rupture can result from improper m a t e r i a l s  usage, e x c e s s i v e  
pressures, ex c e s s i v e  temperatures, vi b r a t i o n  or chafing, and 
c o r r o s i o n  or clogging. All piping should be c o n s t ructed of the 
a p p r o p r i a t e  mater i a l  ne c e s s a r y  to w i t hstand the a n t i c i p a t e d  
pressures, tempe r a t u r e s ,  vibration, and corrosion. Pipe runs 
s h o u l d  be m o u n t e d  in a p o s i t i o n  to avoid a c c i d e n t a l  impacts.
A case in which a p r e s s u r e  hose burst and sprayed two 
e m p l o y e e s  who were using the hose to fill a drum was r e p o r t e d  in 
1975 [29]. The author stated that even though the employees were 
w e a r i n g  safety eguipment, they both e x p e r i e n c e d  u n d e s i r a b l e  
h e a l t h  e f f e c t s  as a result of the exposure. This problem was 
s u b s equently solved in this case t h r o u g h  replacement of the 
f l e xible hose by a metal pipe. If a flexible hose is abso l u t e l y  
necessary, then it should be replaced p e r i o d i c a l l y  as part of a 
b a s i c  p r e v e n t i v e  m a i n t e n a n c e  program.
Pesticide emi s s i o n s  can occur at pipe joints that are 
f langed and bolted. Even if the s y s t e m  is orig i n a l l y  t e s t e d  and 
found to be tight, normal vib r a t i o n  and d e t e r i o r a t i o n  of gaskets 
and "0" rings will e ventually cause leaks. W h e rever feasible, 
welding of pipe joints can be used to a void these problems.
Ex posures frequently occur when piping syst e m s  are opened 
to remove obstructions. An employee was expo s e d  to 
dibroir.ochloropropane while attempting to unplug a line [26]. 
W h i l e  further details of this case were not available, such
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e x p o s u r e  can usually be prevented by i s o lating the line in 
q u e stion and by flushinq it with a solvent rather than by open i n g  
the system.
Auxiliary piping systems that are not actually conveying 
p e s t i c i d e s  also have the potential to cause pesticide exposure. 
In a case in C a l i f o r n i a  [29], a hot water line ruptured and 
s p r a y e d  an e m p l o y e e  and a conveyor belt carry i n g  diazinon powder. 
The powder, in turn, splashed on the emp l o y e e ,  and he later 
s u b s t a i n e d  first deqree chemical and thermal burns. This 
incid e n t  d e m o n s t r a t e s  that proper design, m a t e r i a l  selection, 
location, and m a i n t e n a n c e  of piping syst e m s  are important in 
p reventing worker exposures.
Pumps present m any of the same exposure problems as do 
p iping systems. Joints and seals, materials selection, cleaning, 
and batch changes are common problems. Pumps also reguire 
p r e v e n t i v e  m a i n t e n a n c e  if unscheduled s h utdowns are to be 
avoided. Part of this m a i n t e n a n c e  program should include a 
thorough check of all moving parts, and p a r t i c u l a r l y  a check of 
the pump seals for signs of leakage. Two cases were reported
[ 2 9 , 2 9 7 ]  of worker exposure to pesticides during a pump repair 
o p e r a t i o n  and i n d icate that pumps be clea n e d  to reduce the 
possib i l i t y  of e x p osure be f o r e  they are worked on. This is done 
by purging the pump with a solvent and washing down the pump 
ext e r i o r .
Langner [302] suggested that pumps handl i n g  cancer suspect 
a g e n t s  should be p r o vided with v a c u u m  lines and shrouds around 
the seals to remove any s u b s t a n c e s  that might leak during
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operation. When the m a terials handled are not highly t oxic or 
volatile, the pump can be m o u n t e d  on a grating over a colle c t i n g  
sump or can be surrounded with a dike or curb. In these cases, 
se p a r a t e  arrangements are n e c e s s a r y  to c lean up and remove
spil l e d  material. C l e a n u p  often can be handled using sorbents,
diluents, or a local exhaust system attached to the pump.
Leaks at c o u p l i n g s  can cause worker e x p o s u r e s  to pesticides  
du r i n g  conn e c t i n g  and d i s c o n n e c t i n g  operations. At least two 
c ases of workers b eing heavily e x p o s e d  to p e s t i c i d e s  while in the
proc e s s  of coupling or uncoupling a line have been reported
[29,297]. E x p o s u r e s  of this type may be prevented through the 
use of a dripless connector. Conveyors and bucket elevators have 
a potential for seri o u s  e x p osure problems since they frequ e n t l y  
are not o p e rated in e n c losed systems. Pest i c i d e s  can escape at 
feed, transfer, and dump points. Therefore, belt conveyors and 
bucket ele v a t o r s  should be enclosed in a duct, which is connected 
to an efficient local exha u s t  system.
Enclosed conveyors and elevators must be entered ty 
m a i n t e n a n c e  personnel to clear jams, to lubricate moving parts, 
to replace and repair c omponents, and to adjust belts and 
rollers. The enclosed sy s t e m  must, therefore, contain s u i t a b l e  
hatches for performance of m a i n t e n a n c e  and als o  for removal of 
a c c u m u l a t i o n s  of dirt and solids.
H oppers and bins are generally o p e n - t o p p e d  and may 
r e p r e s e n t  a n o t h e r  serious exposure problem. During filling, the 
air displaced by the incoming m a t erial is u s u a l l y  laden with 
dust, and dust is also produced during emptying. These
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c o n t a i n e r s  have to be ente r e d  when they become clogged and when 
their levels n e e d  to be m a n u a l l y  checked.
Dust e m i s s i o n s  from bins and hoppers can be cont r o l l e d  
t hro u g h  the installation of local exhaust s y s t e m s  and with the
p r ovision of lids for use when filling. Dumping can be p e rformed 
r e m o t e l y  and the dust remo v e d  by local exhausts. P r o blems of 
caking, bridging, and r a t-holing in hoppers can be solved t h r o u g h  
the use of low- p r e s s u r e  pn e u m a t i c  blasting devi c e s  built into the
h opper walls and operated remotely to impr o v e  m a t erial flow and
to eliminate t h e  need for workers to free the m a t e r i a l  by poking 
and prodding.
Holding tanks are g e nerally c l o s e -topped liquid c ontainers. 
Workers at storage tanks m a y  be exposed to pesticides in air 
d i s p l a c e d  by vent i n g  or filling, or by leakage from seams ar.d
connections. The air e s c a p i n g  from tanks can also cause 
un d e s i r a b l e  health effects. Spillage from tank caps can occur 
when tanks are o verfilled accidently, or when high tem p e r a t u r e s  
result in e x p a n s i o n  of the tank contents. Pressure relief valves 
can release p e s t i c i d e - l a d e n  air. Tanks must o f t e n  be e n t e r e d  for 
c l e a n i n g  or r e p l a cement of the lining. C h e cking liquid levels in 
tanks is often performed by opening a port and using a dipstick.
Several e n g i n e e r i n g  c o n trols including remote liquid level 
sensors, ventilation lines for p r e ssure relief valves, and 
c o n crete dikes to contain spills; t e m p e r a t u r e  and p r e s s u r e  
s e n s o r s  can -be added to reduce pesticide emissions. Level 
s ens o r s  can be arranqed to operate automatic s h u t-off valves at 
any desired liquid level. Systems can be fitted with
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p r e s s u r e - s e n s i n g  devices, so that when the integrity of 
e n c l o s u r e s  or seals is lost, pumps may be a u t o m a t i c a l l y  shut off 
[ 8 (p 56) ].
(b) Packaging
Packaging is a special case of m a t e r i a l s  transfer but 
d e s e r v e s  i ndividual at t e n t i o n  since it is in the packaging 
o p e r a t i o n  that significant o p p o r t u n i t i e s  for exposures occur. 
The chance for e x p o s u r e  increases beca u s e  the system is usually 
open at this point.
Pesticides can be p a c kaged in a variety of forms including 
powder, liquid, dust, granules, or p r e s s u r i z e d  aerosol. The 
m a t erial is con+ained in a hopper or tank and is dispensed into 
the packaqe by weight or volume. In manual packaging operations, 
the conta i n e r s  are placed and removed at the packaging stat i o n  
and t ransferred to the sealing s t a t i o n  by employees. 
C o n s i d e r a b l e  potential exists for worker e x p osure due to 
d i s p l a c e d  air, dust, overflows, spillage, improper sealing during 
filling, lack of or poor ventilation, failure of bags, rupture of 
delivery hoses and lines, and a variety of o ther causes. While 
a u t o m a t i c  syst e m s  can suffer from similar failures, the o p e r a t i o n  
can be entirely e n c losed and can be remotely o p e r a t e d  and 
c o n t r o l l e d  to prevent worker exposure.
Packaging equipment subject to failure includes the e n t i r e  
pi p i n g  and m e c h a n i c a l  sy s t e m  of the filling machinery, d e l ivery 
hoses, c o n veyor belts, weight or volume sensors, lifting and 
transfer m echanisms, and th e  conta i n e r s  theirselves. The 
c o n t a i n e r s  can vary from small glass bottles to fiber drums and
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bags to 55-gallon drums and railroad tank cars.
Comer et al [12] conducted tests for body front exposure in 
three formulating plants during forrrulation of 4 and 5% cartaryl 
dusts- The workers studied were at bagging or mixing stations, 
g e n e r a l l y  areas of greatest potential contamination. One of the 
factors observed as causing o c casional high exposure values was 
ma l f u n c t i o n i n g  of the tag filler spout mechanism, resulting in 
excess b i llowing dust. The formulating plant workers' irean 
respiratory potential e x p o s u r e  as determined by c o n t a m i n a t i o n  of 
r e s p i r a t o r  filter pads was 1.1 mg/hour of work activity. To 
compare values, the a u t h o r s  also conducted tests on sprayiren 
o p erating t r a c t o r - d r a w n  airblast equipment as they applied 0.345% 
c a r t a r y l  spray in fruit orchards. For spraymen, the mean
p o t ential e x p o s u r e  value was 0.09 mg/hour. While the above
report does not provide any a dditional details, it is likely that 
the tagging o p e r a t i o n  was not protected by an efficient local 
exhaust and hood system which could have m a t e r i a l l y  reduced the 
fugitive carbaryl dust noticed in the study.
Open transfers are e n c o u n t e r e d  where repeated e m p tying or 
filling of small c o n t a i n e r s  m akes permanent c o n d u i t s  for t r a n s f e r  
impractical. Airborne exposures were reported [299] in the open 
pa c k a g i n g  of DDVP into aerosol cans. F o l lowing filling, the cans 
tra v e l l e d  down a conveyor line to the capp i n g  station. The
dista n c e  was appa r e n t l y  long enough so that e v a p o r a t i o n  from the 
can s  could be the only apparent cause of the illness.
At least four cases of e m ployees being splashed with
p e s t i c i d e  during liquid packaging o p e r a t i o n s  were r e p orted in
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Ca l i f o r n i a  in 1975 [29]- In the first case, methomyl was
sp l ashed on an employee while he was filling containers. If a 
c l o s e d  and a u t o m a t i c  p a ckaging s y s t e m  had b e e n  used, this 
exposure would not have happened. In the s e c o n d  case, a worker 
was filling and capping drums of mev i n p h o s  when some of the 
c h e m i c a l  s p l ashed on his arm. Again, a remotely c o n t r o l l e d  
a u t o m a t i c  p a ckaging s y s t e m  could have prevented the exposure. In 
the third case, a broken nozzle sprayed an e m p loyee on the face, 
chest, and legs. Suitable e nclosures or a remote control system  
c o u l d  have a l s o  pre v e n t e d  this exposure case. In the fourth 
case, an e m p l o y e e  was s p l a s h e d  in the eyes with sodium 
p e n t a c h l o r o p h e n o l  while filling 50-gallon drums. To m i n i m i z e  
splashing, e m p l o y e e s  could "bottom fill" drums, not "top fill" 
them [8(p 27) ], and sho u l d  wear eye protection. More e f f e c t i v e
p r o t e c t i o n  would be provided by r e m o t e - c o n t r o l l e d  fill i n g  
operations.
Flexible or quick disconnect a t t a c hments could solve these 
problems e n c o u n t e r e d  in pesticide pac k a g i n g  operations. An 
e x a m p l e  is shown in Figure XIV-1. Plastic bags s e c u r e d  with 
s h o c k  cords were used by one m a n u f a c t u r e r / f o r m u l a t o r  where rigid 
c o n n e c t i o n s  w ere not approp r i a t e  [8 (p 97) ]. A flexible bellows 
duct can also be used as a r apid c o n n e c t / d i s c o n n e c t  sys t e m  as 
see n  in Figure XIV-2.
Air d i s p l a c e m e n t  is another source of pesticide e m i ssions 
d u r i n g  packaging. As air leaves a c o n t a i n e r  being filled, its 
co u n t e r c u r r e n t  flow tends to entrain m a t e r i a l s  and carry them 
int o  the surrou n d i n g  area. Such an e m i ssion can lead to worker
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exposures, as r e p o r t e d  in the bagging of propa r g i t e  [29]. During 
p a c k a g i n g  of liquid, a vapor return line from the receiver to the 
dis p e n s e r  can control potential emissions. Such a device has 
wide a pplication in the p e troleum industry [8(p 81) ].
A local exhaust v e n t i lation sy s t e m  can collect dust- l a d e n  
air displaced during solids packaging o p e r a t i o n s  (Figures XIV-2 
and X I V - 3 ) . This type of ventilation s y s t e m  only p r o tects 
work e r s  when it is properly designed and installed. Airflow must 
have sufficient velocity to entr a i n  the a i r b o r n e  c o n t a minants and 
to be directed away from the worker, past the pesticide m a t e r i a l  
to the hood, thus ensuring that c o n t a minants do not pass through 
the workers' b r e athing zone. Maddy and E d m i s t o n  [297] pointed 
out the importance of hood location in protecting a fungicide 
bagger by ventilation.
Exhaust v e n t i l a t i o n  systems may be used in c o n j u n c t i o n  with 
o ther systems. The exha u s t  v e n t i lation in the p a ckaging 
o p e r a t i o n  in one plant has been com p l e m e n t e d  with a vacuum sy s t e m 
for collecting s p i l l e d  or leaked m a t e r i a l s  [8(p 57) ]. Ir
addition, a fresh-air duct and plenum system provides make - u p  air 
w ithout c r o s s c u r r e n t s  to interfere with e x hausting hoods. 
A lthough c o m p l e t e  enc l o s u r e  of packaging opera t i o n s  may be 
d i f ficult b e c a u s e  of the requirement for frequent c h a n g e s  of 
containers, the t h r e e  systems together are effective in 
c o n t r o l l i n g  personal exposure.
Examples of worker e x p o s u r e  discussed above i l lustrate the 
need and the methods for e l i m i n a t i n g  e x p o s u r e  during pesticide 
p a c k a g i n g  operations. The occas i o n a l  gross o v e r exposure or
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r e p eated low level e x p o s u r e  to a toxic cheirical cer t a i n l y 
w a r rants the i m p l e m e n t a t i o n  of positive packaging controls.
(c) E q u i p m e n t  Leakage
Most items of e q u i p m e n t  used in formulating or
m a n u f a c t u r i n g  plants may develop leaks. A compr e h e n s i v e
preve n t i v e  m a i n t e n a n c e  program is a n e c e s s i t y  if leaks are to be 
detected, prevented, and controlled. In addition to piping 
systeirs and pumps that have been discussed previously, l eaks can 
be a nticipated in reactors, filters, s e p a r a t o r s  (including 
s olv e n t  strippers, extractors, condensors, and scrubb e r s ) ,  
dryers, doors, and insp e c t i o n  ports.
Locations where pesticide emissions fro m  reactors can occur 
i ncl u d e  vents, charging doors, sampling ports, and agitator 
seals. Releases can also occur if pressure buildup is s u fficient 
to operate the pressure relief valves when a reactor is m a n u a l l y  
loaded, or when a dipper is used to ob t a i n  samples of the 
r e a c t i o n  m i x t u r e  during processing. Reac t o r  vessels should be 
m a i n t a i n e d  at press u r e  n e g a t i v e  to the a t m o s p h e r e  so that all 
leaks are inward.
R e l e a s e s  daring c h a r g i n g  and venting can be c o n t r o l l e d 
through the i n s t a llation of local exhaust systems. Exposures 
d u r i n g  s a m p l i n g  can be elim i n a t e d  thro u g h  the inst a l l a t i o n  of 
valves that do net permit workers to be exposed to pest i c i d e s 
w h e n  obtaining samples. Agitator seals can leak due to loss of
f lexib i l i t y  and normal de t e r i o r a t i o n ,  or as the result of drive
shaft eccentricity. This t y p e  of leakage can only be c o n t r o l l e d  
by i n spection and replacement of worn seals.
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Davay [128] reported a case of fatal kidney damage in a 
w orker exposed to methyl bromide during its manufacture. The 
w orker was exposed daring a shift when the reflux reaction of 
m e t h a n o l  with liguid bromide was p r o c e e d i n g  in the reaction 
vessel. He worked for 3 hours within a radius of about 12 feet 
from the sampling and filling valves near the receiving vessels. 
Findings r e v e a l e d  that methyl bromide a p parently escaped froir an 
open sampling valve which the worker noticed and closed. Death 
oc c u r r e d  18 days l ater as a result of sev e r e  injury to the 
central nervous system and kidneys. This accident could probably 
have been p r evented if the s a m pling valve had been connected to a 
buzzer, indicator, or warning flag when it was opened.
Filters are used to separate solids from liquids or gases. 
L e a k a g e  is generally due to d e t e rioration of seals, gaskets, and 
filter frames, allowing the pressure release of pesti c i d a l  
chemicals. Addit i o n a l  exposure can result when the filters are 
r e p laced or cleaned. Leaks can be s p o t t e d  and exposure  
c o n t r o l l e d  through regular i n spection and maintenance.
Leaks from s e p a r a t o r s  occur when pressure buildup causes 
pr e s s u r e  re l i e f  valves to oper a t e  and to rele a s e  air c o n t a i n i n g  
high c o n c e n t r a t i o n s  of pesticides. E n g i n e e r i n g  c o n t r o l s  that are 
ap p l i c a b l e  to prevent releases from scrubbers and s e p a r a t o r s  
include local exhaust syst e m s  to remove vented con t a m i n a n t s  from 
press u r e  relief valves and pressure sensors that can give advance 
w arn i n g  of e x c e s s i v e  pressure buildup.
Dryers are used in pes t i c i d e  m a n u f a c t u r e  to remove solve n t s  
f r o m  slurries and to obtain a powdered pesticide product.
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Pe s t i c i d e  e m i s s i o n s  f rom dryers can occur when the a i rstream is 
ducted to an exhaust system, whenever there is a mecha n i c a l  or 
mat e r i a l s  failure, and when the powdered p e sticide is removed or 
dispensed. S t a t i o n a r y  local exhaust v e n t i lation dedicated to one 
system can reduce or e l i minate t hese emissions. However, it is 
important to ensure that the entire ducting sys t e m  is o p e rated at 
a pressure l ower than ambient a tmospheric pressure and that fans 
and ducting are properly sized and free of severe b ends or 
obst r u c t i o n s  which m ight restrict airflow.
When the dried pe s t i c i d e  chemical is dumped f r o m  the dryer, 
workers may be exposed to the dust. A b l e n d e r - d r y e r  in an endrin 
m a n u f a c t u r i n g  plant developed a problem of this nature [299]. 
The pesticide was d i spensed through a gate valve at the base of 
the b l e n d e r - d r y e r . The valve was o p e r a t e d  by an e m p loyee 
allowing the pes t i c i d e  to enter the pac k a g i n g  hopper. When 
o p e r a t i n g  the valve, the employee was in the direct path of the 
dust rising from the hopper with c o n s i d e r a b l e  exposure potential. 
The dispensing system sh o u l d  be o p e r a t e d  r e m o t e l y  through an 
e l e c t r i c a l l y  c o ntrolled valve, and the d i s c h a r g e  chute should 
m ak e  a direct c o n n e c t i o n  to the hopper.
Leaks can also occur when doors or i n s p e c t i o n  p orts are 
left open or are not properly closed. All doors and ports should 
be e g u i p p e d  with a self-closing mechanism, or with a device that 
will provide a warning or s y s t e m  shutoff until the door or port 
is fully closed and latched.
The escape of m a t e r i a l s  through ducting can be minimized or 
e l i m i n a t e d  by m a i n t a i n i n g  the duct i n t e r i o r  pressure at a
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pressure less than ambient atmospheric. This same p r inciple is 
a p p l i e d  in ve n t i l a t i o n  ducting where fans are located at the 
d o w n s t r e a m  end of the system to ens u r e  that any leaks in the 
ductwork are into the duct and not from the duct to the outside 
envi r c n m e n t .
When leaks occur, it is e s s e n t i a l  that they be d e t e c t e d  and- 
c o n t r o l l e d  immediately. Equipment for leak d e tection may incl u d e  
line sensors to meas u r e  pressure and flow, or chemical sens o r s  to 
d e t e c t  the presence of a substance outside the system. Many such 
leak detection syst e m s  can be inte g r a t e d  into a general warning 
and alarm sy s t e m  and can also act to operate s h u t o f f  valves or to 
shut down entire systems. Visual de t e c t i o n  of leaks can be aided 
by adding a dye to pesticides. Odorous c h e micals may be a d d e d  to 
liquids or gases to serve as a leak det e c t i o n  device. For 
physical inspection, suspected leak areas can be painted with 
s oap solution or a similar indicator.
C ert a i n  opera t i o n s  may be amenable to c o m p l e t e  c o n t a i n m e n t  
in separate b u ildinqs or in closed rooms, thus providinq a 
"sec o n d a r y  c o n t a inment" of spilled liquids or dust. fill 
o p e r a t i o n s  can be c o n t r o l l e d  and m o nitored remotely, and in the 
event of a leak, the entire r o o m  can be purqed or flushed before 
m a i n t e n a n c e  workers are permitted to enter. Operational areas 
should be in buildings well removed from personnel service 
bu i l d i n g s  such as locker rooms, showers, cafeterias, and offices.
For certain leaks, te m p o r a r y  control may be effected 
through th<= u t i l i z a t i o n  of local exhaust syst e m s  with f l e xible 
hoses and portable hoods, or with a vac u u m  sys t e m  to c l e a n  up
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spills. Leaking gases and vapors, cr liguids with high vapor 
pressures may diffuse too rapidly to be contained by such
tem p o r a r y  measures, and forced air purging of the entire area iray 
be required.
An e x p o s u r e  r e c o r d e d  in California [297] led to the
a p p l i c a t i o n  of forced air v entilation in a formulating operation. 
The employee involved had removed his safety equipment while 
working near a holding tank c ontaining mevinphos. A forced air 
ventilation system was s u b s e quently installed to remove emission 
co n c e n t r a t i o n s  in the holding tank area.
(d) Equ i p m e n t  Maintenance
The m a i n t e n a n c e  of c h e m i c a l  p r ocessing equipment in the
m a n u f a c t u r e  and f ormulation of pesticides r e q u i r e s  a variety of 
c l e a n i n g  and m a i n t e n a n c e  tasks that may expose workers as they
use equipment. During 1975, C alifornia reported that equipment
m a i n t e n a n c e  o p e r a t i o n s  ranked second to m a t e r i a l  t r a n s f e r  
o p e r a t i o n s  in causing pesticide e x p o s u r e s  in the pesticide 
f o r m u l a t i o n  industry [29].
Two cases were reported in which workers were e x p o s e d  to
pe s t i c i d e s  while r e pairing pumps [29,297]. In both cases,
residual pest i c i d e s  were r e s p o n s i b l e  for the exposure. The 
i n v e s t i g a t o r s  s u ggested that pumps should be clea n e d  in a "remote 
m e c h a n i c a l  manner" before m a i n t e n a n c e  is attempted, s u g g e s t i n g  
that pumps should be purged, disconnected, and thoroughly washed 
down with solvents or water prior to mainte n a n c e  work.
Compo n e n t s  of many items of equipment require p e r i o d i c
i n s p e c t i o n  and replacement. Examples are filters, gaskets.
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packings, linings, r e f r a c t o r y  materials, shaft seals, and so on. 
A recent report [299] on heptachlor m a n u f a c t u r e  noted the
ex p o s u r e  hazard inherent in the servicing of a process filter. 
U n c l c g g i n g  blocked transfer lines or cleaning out tanks tray
require that closed systems be opened or that workers a c t u a l l y
e nter p e s t i c i d e - c o n t a m i n a t e d  equipment. An expos u r e  to DBCP in 
C a l i f o r n i a  reportedly occurred when an e m p loyee attempted to
clear a pluqged line [29].
The v a r i e t y  of products p r o d u c e d  by batch processing in 
man y  f o r m u l a t i n g  plants calls for frequent isolating, purging, 
cleaning, and reco n n e c t i n g  of equipment. Systems with a nee d  for 
frequent m a i n t e n a n c e  or cleaninq should be i n s t a l l e d  in d u plicate 
to permit a qiven unit to be withdrawn from service and to allow 
a process to continue without exposing m a i n t e n a n c e  personnel. 
S p e c i a l  a t t e n t i o n  mus t  be paid to the de s i g n  and testing of 
c o n n e c t i o n s  that must be f r e g u e n t l y  broken and r e c o n n e c t e d  for
e q u i p m e n t  m a i n t e n a n c e  or c l e a n i n q  purposes.
„ Closed e q u i p m e n t  cleaning and b l o ckage cleaning can be
f acilitated if water, c o m p r e s s e d  air, and s t e a m  supply
c o n n e c t i o n s  a r e  perman e n t l y  installed on or in eguipment. 
S imilarly, purginq ca n  also be facilitated if a p p r o p r i a t e  
c o n n e c t i o n s  are available.
Grinders and mills r e q u i r e  periodic cleaning and 
r e p l a c e m e n t  of the rollers or balls. To perform these
operations, it is often n e c e s s a r y  for m a i n t e n a n c e  staff to enter 
the equipment. Before this is allo w e d  to occur, the grinder or 
m i l l  should be thoro u g h l y  cleaned with s o l vents and s t e a m  and
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te s t e d  to ensure that the equipment is e f f e c t i v e l y  
decon tarninated.
Weight hoppers can present a servicing hazard to persons 
not e m p loyed by the using facility, since the weiqhinq mechanisir 
is usually serviced by an outside comp a n y  w hose employees might 
not be as c o n s c i o u s  of pesticide hazards as the regular plant 
employees. Steam c l e a n i n g  of weight h o p p e r s  and s c a l e s  is 
re c o m m e n d e d  before m a i n t e n a n c e  work is permitted.
Mixers and b l e nders have to be cleaned per i o d i c a l l y  and 
their moving parts serviced and lubricated. Again, t h o r o u g h  
c l e a n i n g  with s o l v e n t s  and steam is n e c essary before workers are 
p e rmitted to enter.
Vi brating screens and filtering syst e m s  must be opened  
p e r i o dically for screen or filter replac e m e n t  or for the remo v a l  
of oversize particles. Screens and filter systems frequ e n t l y  
c o n t a i n  h eavy c o n c e n t r a t i o n s  of dust which can prod u c e  
respiratory, eye, and skin exposures if the dust is not remo v e d  
be f o r e  the system is opened. Similar conditions are e n c o u n t e r e d  
in the m a i n t e n a n c e  of belt c o n veyors and backet elevators.
(e) Proc e s s  Monitoring
M o nitoring the vari o u s  processes e n c o u n t e r e d  in the 
m a n u f a c t u r e  and forirulation of p e sticides may require visual 
observation, m e a s u r e m e n t  of p h y s i c a l  parameters, or c o l l e c t i o n  of 
c h e m i c a l  samples. If these o p e r a t i o n s  are c o n d u c t e d  throuqh an 
op e n  port or access door, the worker involved m a y  be expo s e d  to 
pesticides.
A recent report i n d icated the potential for worker e x p o s u r e
229
during sampling [299]. In some cases, samp l e s  were taken by 
opening a valve and allowing the sample to run into a container, 
while at other times, samples were t aken by lowering a dipper 
into the c h emicals through an i n s p e c t i o n  port. The latter 
process can result in severe exposures. P r e s s u r e  can build up in 
a r e a ction vessel, so that subsequent o p e n i n g  of the sample port 
can splash pesti c i d e s  around and beyond the opening. When using 
the sample dipper, the employee could p o t e n t i a l l y  come into 
contact with the r i m  of the sampling port, or could insert the 
dipper too far into the mixture and immerse his hand. Another  
p r o b l e m  with s a m p l e  ports is that employees frequently leave then- 
open, which permits continual exposure of all workers in the 
vicinity.
Sampling systems that require the use of h a n d - o p e r a t e d  
dippers should be e l i m i n a t e d  in favor of those that are 
c o n t r o l l e d  by a valve. Samplinq done indirectly throuqh 
c l o s e d - l o o p  samplinq systems can prevent e x p o s u r e s  [ 8 (p 80) ].
Many o perations in process monitoring can and should be 
p e r f o r m e d  remotely. Direct observations of physical or chemical  
processes can be mad e  through view ports or through the use of 
remote television m o n i t o r s  and receivers. If a large number of 
sensors are used to moni t o r  o p e r a t i o n  of equipment, r e a douts can 
be displayed on a central c o n t r o l  panel which can also serve 
alarir and security functions.
(f) E n v i r o n m e n t a l  Discharqes
While the discharqe of pesticidal chemicals from indus t r i a l  
plants is cer t a i n l y  an envir o n m e n t a l  concern, it is also another
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cause of worker exposure. Ventilation s y s t e m  exhausts, process 
air from drying operations, and vapors from pressure relief 
valves can r e l e a s e  pesticides into the air. O v erloaded systeirs 
can also contribute to this problem. A case was reported [ 29] of 
a worker in a plant m a n u f a c t u r i n g  sulfuryl fluoride gas who 
suffered effe c t s  from the gas r e l eased by an overl o a d e d  scrubber. 
The company owning this plant planned to install a larger 
scrubber sys t e m  capable of handling the fumes.
Plant runoff, drainage, and process waste water may leave 
p e s t i c i d e s  deposited in or n e a r  working areas. These relea s e s  
can eventually result in un d e s i r a b l e  accumulations and re s u l t a n t  
e x p o s u r e  hazards. Ma t e r i a l s  may also be drawn back into the 
plant through r e c i r c u l a t i o n  f rom exhaust stacks into fresh air 
i n t a k e s  caused by poor design, location, or u nfavorable winds. 
All gases and liguids e x hausted from the plant or o t h e r w i s e  
disposed of should be freed of their p e s t i c i d e  content before 
release.
Discharge air may be cleaned by p h y s i c a l  treatment in 
c y c l o n e  separators, scrubbers, baghouses, or e l e c t r o s t a t i c  
precipitators, or may be treated c hemically by flaring, c a t a l y t i c  
af t e rburners, or a b s o r p t i o n  towers [303]. D i s c h a r g e  water m a y  be 
pu r i f i e d  before release by filtration, settling, or by c h e m i c a l  
treatirent [304]. It is e m p h a s i z e d  that c h e mical d e c o n t a m i n a t i o n  
and n e u t r a l i z a t i o n  are pre f e r r e d  c l e a n i n g  methods. The mere 
s e p a r a t i o n  of pesticides from d i s charge streams adds to the 
p r o b l e m  of d i s p o s i n g  of r e covered materials. For exarrple, 
p eriodic emptying of a dust collector requi r e s  that prov i s i o n s  be
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m a d e  to prevent
A p p l i cation of wet
dust from again b e c o m i n g  airborne [ 




Ideally, pesticides should be man u f a c t u r e d  and f o rmulated 
wit h i n  enclosed, remotely operated systems to isolate them from 
workers. However, even with such systems, o p p o r t u n i t i e s  for 
e x p osure arise. Workers must be protected while the s y s t e m s  are 
b eing installed and tested. Systems may break down, causing 
leaks and d e m a n d i n g  the a t t e n t i o n  of ma i n t e n a n c e  workers. 
Periodic c l e aning of process equipment and sampling may also call 
for the opening of closed systems. Fires, floods, and other 
c a l a m i t i e s  may c ause the breach or d estruction of such 
e ngine e r i n g  systems. Consequently, e n g i n e e r i n g  c o n trols alone 
cannot provide c o m p l e t e  protection from worker e x p o s u r e  to 
pesticides.
The need for a program that includes both e n g i n e e r i n g  and 
work practice c o n t r o l s  is illustrated by the 1976 p e sticide 
o v e r e x p o s u r e  cases in C a l i f o r n i a ' s  m a n u f a c t u r i n g  and f ormulating 
plants. Of the 18 cases for which the manner of exposure could 
be determined, 6 resulted f rom ope n  o p erations and could have 
b e e n  prevented by en c l o s u r e  or ventilation. The other 12 cases 
i n v o l v e d  es c a p e  of p e sticides during leaks, ruptures, 
m a i n t enance, sampling, or clean-up oper a t i o n s  [297].
An e f f e c t i v e  work practices prog r a m  e n c o m passes many 
elements. For example, m o n i t o r i n g  the workplace e n v i r onment and 
workers' health can prov i d e  data necessary to plan and e v a l u a t e
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contrcl methods. P rotective c l o t h i n g  and equipment, if prope r l y  
selected, used, and m aintained, can isolate workers from e x p o s u r e 
to pesticide chemicals. Housek e e p i n g ,  sanitation, and hygi e n e  
pra c t i c e s  include m e t h o d s  to segregate, collect, and dispose of 
fugitive pesticide ma t e r i a l s  to further prevent worker exposure. 
P r o v i s i o n s  for dealing with e m e r g encies are also a necessary part 
of the work practices program. Work pra c t i c e s  are supported fcy 
labeling, posting, and train i n g  to inform personnel of pesticide 
haza r d s  and of the p r o c e d u r e s  that protect against such hazards. 
G oo d  s upervision p r o v i d e s  further support by e n s uring that the 
work practices actually do protect workers from exposure.
M o n i t o r i n g
As described in Chapter III, there is great variety in the 
t oxic effects of pesticides, in the forms in which pesticides are 
m a d e  and handled, and in the operations e m p l o y e d  in pes t i c i d e 
m a n u f a c t u r e  and formulation. Development of an eff e c t i v e  program 
to control worker exposure to p e sticides often involves a 
s e l e c t i o n  among a l ternate means of control. For instance, the 
physical p r o p e r t i e s  and c o n centrations of a i r borne p e s t i c i d e s 
affect the choice of ve n t i l a t i o n  and e n c losure methods. The 
c h e m i c a l  reactivity and physical form of p esticides indicate what 
types of p e r s o n a l  prote c t i v e  equ i p m e n t  should be selected. The 
p lant layout and movement of pesticides throuqh it determine the 
type and sche d u l i n q  of plant housekeepinq. The state of health 
and exposure e x p e r i e n c e  of workers limit their work as s i g n m e n t s  
and the protective e q u i p m e n t  they can wear.
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Such choices are crucial. A wrong d e c ision can lead to 
o v e r e x p o s u r e  against which protection was intended- The 
following e x a m p l e s  highlight the need to have a d e quate 
i n f o r m a t i o n  in order to provide correct methods of e x p o s u r e 
control for a part i c u l a r  situation. In one case, a p r oduction 
worker was wearing goggles while repairing a pesticide mill i n g  
machine. His goggles were not dust-tight and both of his eyes 
were exposed to p a r a t h i o n  [ 297 ]. In anot h e r  case, a f o r m u lating 
c o m p a n y  using m e v i n p h o s  issued protective work clothing to its 
employees, but the clothing was of an improper type for 
p r o t e c t i o n  against OP pesticides. Seven w o r k e r s  e x p e r ienced 
m e v i n p h o s  poisoning [29]. In another m e v i n p h o s  incident, a 
worker with an a b n o r m a l l y  low red blood cell (RBC) choline s t e r a s e
(ChE) level was a s s igned to fill cans with mev i n p h o s  and he
e x p e r i e n c e d  mev i n p h o s  poisoning [29]. In the case of a pesticide 
and fertilizer proc e s s i n g  company, m a t erials were stored away 
from the p r oduction area to m i n i m i z e  worker exposure. However, 
ammonium n i t r a t e  (an explosive) was warehoused so nea r  to
parathion, dicofol, and other pesticides that its e x p l o s i o n  nray 
have spread the pesticides over a wide area. A fire in the plant 
brought that hazard to the a t t ention of state off i c i a l s  [305]. 
One pesticide f o rmulator used v e n t i lation as a protective measure  
in its c y l i n d e r - f i l l i n g  area. The company c hose to use gene r a l  
ventil a t i o n  when local exhaust ventil a t i o n  would have been mere 
approp r i a t e  for the packaging operation. As a result, a worker 
engaged in filling was ov e r e x p o s e d  to c h l o r o p i c r i n  [29]. By
m o n i t o r i n g  both the pesticide and the worker in terms of their
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interactions, information is obtained regarding actual and 
potential worker exposure. The m o n i t o r i n g  data can then be used 
to select and to apply e n g i n e e r i n g  and work practice c o n t r o l s  
a p p r o p r i a t e  for each pesticide m a n u f a c t u r i n g  or fo r m u l a t i n g  
operation.
(a) P e s t i c i d e  Monitoring
In the course of m a n u f a c t u r e  and formulation, pesticide 
c h e m i c a l s  mov e  through various operations and undergo c h a n g e s  in 
form and concentration- The nature and quantity of pesticide to 
which workers iray be exposed vary within each plant and f rom one 
plant to another. Providing p rotection attuned to each var i a t i o n 
r e q uires moni t o r i n q  the pesticide in both normal proc e s s i n g 
o p e r a t i o n s  and in those situations where it escapes from those 
operations.
(1) P e s t i c i d e s  in Processing
An initial pesticide plant survey should i n c l u d e  an 
inv e n t o r y  of t hose p esticides present, and the physical, 
cheirical, and toxicological p r o p e r t i e s  of each. Besides aiding 
m a n a g e m e n t  in its sel e c t i o n  of prot e c t i v e  measures, this 
inforrration may be reguired by phys i c i a n s  treat i n q  exposed plant 
w o r k e r s  or fire m e n  fiqhting plant fires. A common p r a c t i c e  is 
the delivery of an active ingredient to a formulator with 
sp e c i f i c a t i o n s  for f o r m u l a t i o n  but with no further i n f o r mation on 
the pesticide itself. The f o rmulator may be ignorant of the 
composition, properties, an d  hazards of the pesticide act i v e  
i ngredient [ 8 (p 15) ].
Th e  survey of pesticide processing should follow the
236
m a t e r i a l s  as they move through the plant. L o c a t i o n s  and types of 
e q u i p m e n t  within the plant where pesticides are present should be 
n o t e d  so that a d e q u a t e  posting and labeling ca n  be done. The 
m o n i t o r i n g  of p e s t i c i d e s  t hroughout the plant includes s u rveying 
pipes, troughs, and co n v e y o r s  which carry p e s t i c i d e s  within the 
p r o d u c t i o n  area. Nonenclosed o p e r a t i o n s  and s o u r c e s  of p o tential 
leaks, as discussed in Chapter IV, should be iden t i f i e d  to 
initiate e n v i r o n m e n t a l  monitoring. L o c ations of p e s t i c i d e s  
wi t h i n  the plant layout will also be used to determine e m e r g e n c y  
es c a p e  and re s c u e  routes.
Pesticide plants should be surveyed on a c ontinuing basis. 
Chan g e s  in p r o c e s s i n g  methods, v a r i a t i o n  in products, ard 
f l u c t u a t i o n s  in mater i a l  q u a n t i t i e s  used and s t o r e d  all affect 
the potential for exposure to pesticides.
(2) Pesticide Emissions
The work i n q  e n v i r o n m e n t  should be m o nitored to 
d e t e r m i n e  the amounts and d i s t r i b u t i o n  of pesti c i d e s  that have 
e s c a p e d  into the workplace. This provides a m e a s u r e  of how and 
w here e n q i n e e r i n q  controls have failed to contain pesticides, and 
a l s o  indicates work p r actices that are n e c e s s a r y  to p r e v e n t  
furt h e r  exposure. Essentially, such m o nitoring means m a i n t a i n i n q  
a day-to-day a w areness of where exposures may o ccur from emitted 
p e s t i c i d e s  within a plant. Work practice c o n t r o l s  dependent on 
m o n i t o r i n q  incl u d e  s e l e c t i n g  r espirators and determining where 
w o r k e r s  can safely eat and drink.
M oni t o r i n g  may include workplace air and surfaces. Various 
sa m p l i n g  m e t h o d s  are a v a i l a b l e  for m onitoring, but the
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predominant c o n s i d e r a t i o n  must be to measure p e sticides to which 
workers are potentially exposed. Airborne pesticides can be 
s a m p l e d  by c o l l e c t i o n  devices worn by employees, with the device 
intake located within the bre a t h i n g  zone, though this may not 
al w a y s  be practical. For airborne p a r t i c u l a t e  p esticides, 
respi r a t o r  fil t e r  pads have been used as sampling devices [306]. 
P e s t i c i d e  c o n t a m i n a t i o n  of surfaces can be sampled with wipe 
tests [307], using an ab s o r b e n t  m a t e r i a l  to soak up pes t i c i d e  
f r o m  handr a i l s ,  furniture, etc, or with dermal pads, ie, 
ab s orbent s w a tches worn on the outside of workers* clothing, 
[ 306 1. For p e sticides that are difficult to sample or to 
analyze, a l a b e l i n g  m a t e r i a l  may be added for eas e  of monitoring. 
F l u o r e s c e i n  dye, for example, has been used to label h a z a r d o u s  
m a t e r i a l s  to study their disse m i n a t i o n  [307]. R e l a t i v e l y  
i n n o c u o u s  m a t e r i a l s  such as g l y cerin may be used to s i m u l a t e  the 
behavior of hazardous s u bstances during their processing.
Envir o n m e n t a l  m o n i t o r i n g  data should be recorded ard 
m a i n t a i n e d  for use with other monit o r i n g  data. The c o r r e l a t i o n  
of airborne c o n c e n t r a t i o n  data with medical e x a m i n a t i o n  r e p o r t s  
may be very useful in identifying pesticide exposures.
(b) Wo r k e r  M o n i t o r i n g
Many work p r actices are e f fective in p r otecting a worker 
from exposure only when he follows specific behavior p a t t e r n s  in 
p e r f o r m i n g  his assignment. Sel e c t i o n  of specific work p r actices 
calls for an analysis of how and where various operations are 
carr i e d  out. E v a l u a t i o n  of whether work pr a c t i c e s  are being used 
to afford adequate p r o t e c t i o n  requires an assessment of the
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employees' state of health. K n owledge of job c h a r a c t e r i s t i c s  and 
physi c a l  c a p a b i l i t i e s  of workers provides a basis for ass i g n i n g  
workers to jobs where they would be least vulnerable to the 
effe c t s  of exposure.
(1) Worker Tasks
The object of task m o n i t o r i n g  is to d e termine at
what points e x p o s u r e s  to pesticide may occur in a given job. If 
possible, a worker should be rerouted if his assignment requires 
his passing through a p e s t i c i d e - c o n t a m i n a t e d  area; in any case, 
he should always be apprised of the hazard. When a job r e q uires  
o p e n i n g  pesticide syst e m s  to sample or to p e r f o r m  m a i n t enance, 
the a p p r o p r i a t e  personal p r o t e c t i v e  equipment must be used. The 
s c h e d u l i n g  of jobs affects time at risk of exposure and rray 
determine whether a worker has time to put on prote c t i v e  
equ i p m e n t  before cornmencinq work, or to shower after work. All
of these aspects must be m o n i t o r e d  to d e termine work p r a c t i c e  
c o n t r e l s .
Th e  p e s t i c i d e s  with which each worker may have contact must 
be identified. This d e t e r m i n a t i o n  is i m p o r t a n t  in deciding how 
the worker is to be trained and what types of m e d i c a l  and 
b i o logic tests should be used.
(2) Worker Health
The demands and risks of workinq in pe s t i c i d e  
m a n u f a c t u r e  and formulation r e q u i r e  a level of fitness in workers 
which should be determined in a preplacement examination, and
results should be used by the p h y sician with regard to proper 
p l a c e m e n t  of the employee. Such exa m i n a t i o n s  can be used to
0
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detect d i s a b ilities such as deafness which could impair a 
worker's ability to protect himself, predisposing c o n d i t i o n s  such 
as allergies or p r e gnancy which could make individuals irore 
s u s c e p t i b l e  to pesticide effects, illnesses such as cir r h o s i s  or 
p u l m o n a r y  disease which could a g g ravate the effect of pes t i c i d e  
exposure, o c c u p a t i o n a l  disease fro m  past expos u r e  to other 
pesticides, toxic a n t s ,  or irritants, and c a r d i o p u l m o n a r y  or 
ps y c h o l o g i c  problems which could preclude a worker from using a 
respirator. The p r e a ssignment physical also provides an 
op p o r t u n i t y  to establish the baseline levels of an empl o y e e ' s  
h ealth before any exposure to p esticides occurs. Baseline levels 
c an be used to comp a r e  pre- a n d  p o s t - e x p o s u r e  health aspects such 
as regularity of menst r u a t i o n ,  or to compare specific pre- and 
p o s t - e x p o s u r e  laboratory testing parameters such as blood ChE 
activity. In assessing the prospective e m p l o y e e ' s  gene r a l 
health, it is important to be aware of other health aspects that 
may s y n e r g i s t i c a l l y  amplify the potential adverse effects of 
cont a c t  with pesticides. These include t o b a c c o  smoking and the 
use cf alcohol, medications, and other drugs, such as c a f f e i n e  in 
c o f f e e .
One other s i g n i f i c a n t  but o ften o v e r l o o k e d  purpose of 
p r e p l a c e m e n t  physicals is c ounseling e m p l o y e e s  to be aware of 
t heir own st a t e s  of health. A worker informed of the symptoirs 
and effects of p e sticide exposure may disc e r n  his own health 
problems as well as those of coworkers at an earlier stage.
Periodic physical e x a m i n a t i o n s  with appropriate b i o l o g i c  
t e s t i n g  provide a continuing assessment of e m p l o y e e  health and
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in d icate whether a change in job assignment is necessary- Such 
e x a m s  may detect worker e x p o s u r e s  by m e a s u r i n g  pes t i c i d e  
c h e m i c a l s  or their metabolites, or by i dentifying the e f f e c t s  of 
exposure.
Unscheduled exams should also be a d m i n istered when u n u s u a l  
circuirstances arise. Any worker sustaining an illness or injury  
s y m p t o m a t i c  of pe s t i c i d e  p o i s i o n i n g  should be e x a m i n e d  to 
d e t e r m i n e  a t t r i b u t a b i l i t y  to p e sticide exposure. C o n v e r s e l y ,  any 
w o r k e r  who has been or is suspected of having been overexposed to 
a pesticide c h e mical should be examined to d e termine the effe c t s  
and need for m e d i c a l  treatment. EPA has p u b l i s h e d  a guide for 
tre a t m e n t  of o v e r e x p o s u r e  to various classes of pesticides [36].
(A) Medical M onitoring for Level of
E x p osure
Two levels of scr e e n i n g  must be consi d e r e d  in 
d e v e l o p i n g  standards for medi c a l  monitoring: a d e t e r m i n a t i o n  of
whether there has been an a b s o r p t i o n  of unacceptably high 
q u a n t i t i e s  of pesticide, and an analysis of any signs and 
symptoms of p a thologic processes resulting from exc e s s i v e 
exposure. Selection of m o n i t o r i n g  t e c h n i q u e s  and i n t erpretation 
of results will vary with the level of screening, the p a r t i c u l a r  
p e s t i c i d e  or p e s t i c i d e  class, and the target organ(s) p o t e n t i a l l y  
involved.
E n v i ronmental m o n i t o r i n g  cannot q u a ntify the true hazard 
where e x p osure is pri m a r i l y  through skin contact, or where 
e x p o s u r e  control is dependent on p e r sonal protective devices 
being in place and f unctioning properly. For those pesti c i d e s
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that carry a high risk of s y s temic effects, eg, lead compounds, 
it rray be mor e  valuable to monitor workers for absorption of the 
p est i c i d e s  rather tha n  to perform e x t e n s i v e  tests for the 
p a t h o l o g i c  effects of the pesticides. Such tests for the tody 
bur d e n  of a pesticide can give results that are more g u antified 
and more easily comparable to baselines and group results than 
are clinical tests. Where possible, of course, it is p r eferable 
to be aware of both the a b sorption and the effects. Biolo g i c  
m o n i t o r i n g  has the advantage of usually detecting hazardous 
e x p o s u r e  levels before clinical effects are evident. A 
disa d v a n t a g e  of b i o l o g i c  m o n i t o r i n g  is that it can miss 
interirittent overexposure. A b i o l o g i c  m o n i t o r i n g  program must 
i ncl u d e  consid e r a t i o n  of (1) the a v a i lability of a n a l y t i c  
t e c h n i q u e s  for various pesticides, their metabolites, or indices 
of their biologic effects, (2) the c o o p e r a t i o n  of the workers in 
p r ovidinq samples, ie, the results of the p r o q r a m  must not be 
seen as punitive in nature, and (3) the d e t e r m i n a t i o n  of the 
c o n c e n t r a t i o n  of a pesticide or its m e t a b o l i t e s  in b i o l o q i c  
fluids, or the chanqes in other indices of e x p osure that identify  
p otentially h a z a r d o u s  exposures. In the absence of m e d i c a l  
criteria for p e sticide burdens, each worker's level should be 
compared with the mean level for all the work e r s  monitored and to 
his mean fro m  previous biologic m o n i t o r i n g  periods. The 
probability of all workers being overex p o s e d  a n d , ■t h e r e f o r e , each 
being "acceptably" close to the mean cannot be ignored but must 
be interpreted by the physicians at their discretion.
In the case of t h o s e  pesticides for which b i o l o g i c
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m o n i t o r i n g  is feasible, the s c ientific l i t e r a t u r e  [308] provides 
d i s c u s s i o n  of which body fluids or tissues are most reliably or 
practically analyzed for the presence of pesticides or their
metabolites. In some cases, the higher s e n s i tivity of blood
analysis is unnecessary, because acceptable blood levels iray 
produce m e a s u r a b l e  quantities in the urine. In these instances, 
u r i n a l y s i s  would be p r eferred since urine c o l l e c t i o n  is far more 
a c c e p t a b l e  to the employee than is venipuncture.
Although employee e x p o s u r e s  should ideally be m e a s u r e d  by 
e n v i r o n m e n t a l  (workplace air) monitoring, per c u t a n e o u s  e x posures 
which are s i g n i f i c a n t  with pesticides may be a s s essed by b i o logic
monitcring. The choice of biologic tests should avoid invasive
tests, eg, blood sampling, when possible, but not at the risk of 
using a method which is inaccurate or may m i s s  s i g n i ficant
ex posures, eg, observation of pupillary d i a l a t i o n  as an indicator 
of over e x p o s u r e  to o r g a n o p h o s p h o r u s  c o m pounds (OP's). In no 
event should biologic monitoring be depended upon as a subst i t u t e  
for e ngineering c o n t r o l s  and work practices.
(B) Medical M o n i t o r i n g  for Effects of
Exposure
A variety of effects of pesticides on humans 
have been d etermined from case studies, e p i d e m i o l o g i c  surveys, 
and e x t r a p o l a t i o n  of animal data. Each effect involves a target 
organ for which c l i nical eval u a t i o n  criteria have been developed, 
c o n s i s t i n g  of symptoms (history), physical examination, and
l a b o r a t o r y  data. Although a thorough history and a focused 
physical e x a m i n a t i o n  will permit an e x a m i n i n g  physician to
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de termine the presence of mos t  p a thologic processes at some point 
in their evolution, labor a t o r y  studies are necessary for early 
deterirination of d y s f u n c t i o n  or disease for the organs that are 
r e l a t i v e l y  inac c e s s i b l e  and that have a high degree of func t i o n a l 
reserve.
In the sc r e e n i n g  aspect of a m e d i c a l  program, the 
a n t i c i p a t e d  worker's a c c e p t a b i l i t y  of each recomm e n d e d  laboratory 
test must be b a l anced against t h e  test's sensitivity, the 
s e r i o u s n e s s  of the abnorm a l i t y  to be detected, and the 
p r o b a bility of the a b n o r m a l i t y ' s  developing from pesticide 
exposure. Furthermore, tests are chosen for simplicity of sample 
collection, processing, and analysis wherever possible. In irany 
instances, tests are used beca u s e  they are e asy to perf o r m  and 
are sensitive, although they are not necess a r i l y  specific. If 
the results are positive, another more s p e c i f i c  test would be 
requested. The ch o i c e  of tests should be governed by the 
p a r t i c u l a r  pes t i c i d e  (s) to which a worker is exposed. A c o m p l e t e  
m e d i c a l  history and physical exam (including a t h o rough 
n e u r o l o g i c  exam) are r e q uired r egardless of the p e sticide  
in v o l v e d  because of the probab i l i t y  of u n d i s covered effects. 
Approp r i a t e  l a b o r a t o r y  tests and e l e m e n t s  of the physical  
e x a m i n a t i o n  to be stressed are d e s cribed in the following  
p a r a g r a p h s  a c c o r d i n g  to target organ systems.
(i) Skin
Pesticides are known to produce a 
vari e t y  of sympt o m s  related to the skin. The clinical syndrome 
falls into the two broad c a tegories of dermatitis: cont a c t
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i r r i t a t i o n  and sensitivity reactions, as d i s c u s s e d  in Chapter 
III.
Skin s e n s i t i z a t i o n  does not occur on the first e x p o s u r e  but 
may occur after several weeks or many years of pesticide cont a c t  
[138], Sensi t i z a t i o n  may occur after either skin cont a c t  or 
inhalation. Altho u g h  the process is more likely to occur after 
p r o l o n g e d  e x p o s u r e  at high c o n c e n t r a t i o n s ,  subsequent a l l ergic 
r e s p o n s e s  can result after exposure at very low c o ncentrations. 
P atch testing can be most useful as a diag n o s t i c  aid where a 
w orker who r o utinely comes into contact with several pesticides 
has developed symptoms of skin sensitization. However, patch 
tests used as a pre p l a c e m e n t  screening technique may cause 
s e n i t i z a t i o n  in the employee. As with contact irritants, skin 
s e n s i t i z a t i o n  potential is best determined by medi c a l  history and 
p h y s i c a l  examination.
(ii) Liver
Liver toxicity is a well-docurrer.ted 
e f f e c t  from absorption of c h l o r i n a t e d  hydr o c a r b o n s  and 
ch l o r i n a t e d  orqanic acids [121,122,124]. Because of the liver's 
vast reserve functional capacity, only acute h e p a t o t o x i c i t y  or 
s e v e r e  cumu l a t i v e  chro n i c  damaqe will produce recoqnizable 
symptcms. These include nausea, vomiting, diarrhea, weakness, 
g e n e r a l  malaise, and -jaundice.
Numerous blood c h e m i s t r y  analyses are ava i l a b l e  to screen 
for early liver dysfunction. The tests most frequently e m p loyed 
in screening for liver disease are s erum bilirubin, seruir 
g l u t a m i c  oxaloacetic t r a n s aminase (SGOT), s e r u m  g l u tamic pyruvic
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tra n s a m i n a s e  (SGPT) , gairma glutamyl transpeptidase, and isocitric 
dehydrogenase. Pre p l a c e m e n t  p h y s i c a l  examination, laboratory 
studies, and a thorough social history are important in order to 
r ul e  cut liver damage from excessive alcohol c o n s u m p t i o n  or other 
p r e vious conditions.
(iii) Kidney
Impaired renal f u n c t i o n  can result
from chronic e x p o s u r e  to various pesticides, including c a r baryl 
[1)5], methyl bromide [127], merc u r y  c o m p o u n d s  [129], and 
p e n t a c h l o r o p h e n o l  [131]. Screening for kidney d ysfunction can be 
acco m p l i s h e d  by m e a s u r e m e n t  of blood urea n i t rogen (BON) ard 
seruir c r e a t i n i n e  and by urina l y s i s  for presence of protein, 
qlucose, castes, and cells [308 ],
(iv) Respiratory
Besides providing a route for
a b s o r p t i o n  of p e sticides by inhalation, the respiratory systeir is 
itself subject to toxic effects from p e s t i c i d e  contact during 
breathing. Local i r r i t a t i o n  may occur in the sensitive mu c o s a  of 
the nose, mouth, throat, trachea, and bronchi. More severe
effects include pulmonary fibrosis, emphysema, and 
b ronchopneumonia. S y m p t o m s  can be acute, u s u a l l y  resulting froir 
a c cidental i n h a l a t i o n  exposure, a l t hough other routes of e x p o s u r e  
have been implicated. Paraquat has caused p u l m o n a r y  fibrosife in 
h u m a n s  [150 ]. Exposure to a copper sul f a t e - l i m e  pesticide spray 
c a u s e d  h ystiocytic granulomas and nodular scars [125].
In the a b s e n c e  of acute symptoms, physical e x a m i n a t i o n  is 
not likely to detect early pulmonary fibrosis or asymptoirat ic
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emphysema. X-ray ex a m i n a t i o n  of the chest and pulmonary function  
studies (spirometry) are recomm e n d e d  as scr e e n i n g  tests for 
detection of pulmonary fibrosis and emphysema. Baseline 
(preeirployment) studies are i m perative for the proper eval u a t i o n  
of changes due to pesticide exposure. Lower r e s p i r a t o r y  
secr e t i o n s  (sputum) may be collected for cytologic examination. 
Some p e sticides have been implicated as being c a r c i n o g e n i c  in 
humans [98,167], e s p e c i a l l y  arsenic compounds which appear to 
increase the occurrence of respiratory ca n c e r  [48]. Sputum 
cytology has been re c o m m e n d e d  as a means of detection of 
pul m o n a r y  c a r c i n o m a  in high-risk groups [82] and is reguired by 
the O c c u p a t i o n a l  Safety and Health A d m inistration (OSHA) in its 
Coke even Standard.
(v) Eye
Most eye effe c t s  from pesticides are 
acute chemical injuries r e s u l t i n g  from a c c i d e n t a l  spraying, 
splashing, or c o n t a c t  with dusts. An important e x c eption is the 
risk of cataract p r o d u c t i o n  from pesticides such as dinitropher.ol 
[ 5 1 ]  and dinit ro-o-cresol [ 309 ]. Scr e e n i n g  procedures for 
c a t a r a c t s  i n c l u d e  test i n g  of visual acuity with c o r r e c t i v e  lenses 
in place and o p h t h a l m o s c o p i c  examination.
(vi) Blood
Both anemia and leuko p e n i a  have been 
a s s o c i a t e d  with pes t i c i d e  exposure. R e p o r t e d  cases have 
i m p l i c a t e d  c h l o r d a n e  [151], lindane [158], and
d i c h l c r o d i p h e n y l t r i c h l o r o e t h a n e  (DDT) [153]. Anemia may be 
s u s p e c t e d  when there is a history of fatigue with p h y s i c a l
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findings of pallor and tachycardia, but the defin i t i v e  screening 
test is a c o m p l e t e  blood count (CEC) which includes deter m i n a t i o n 
of henoglobin c o n c e n t r a t i o n , hematocrit, white b lood cell count, 
and *hite b lood cell dif f e r e n t i a l  count.
(vii) Heart
Cardiac a b n ormalities, which have lor.g 
been associated with arsenic poisoning, h ave been reported in 
workers ch r o n i c a l l y  e x p o s e d  to arsenical pesticides. C h a n g e s  in 
the e l e c t r o c a r d i o g r a m  (ECG) of prolonged Q-T interval and 
f l a t t e n e d  T-waves are assoc i a t e d  with a r s e n i c  toxicity [3 10]. 
R i c h a r d s o n  et al [165] reported higher s y s t o l i c  blood pressure 
a mong workers exposed to DDT. Exposure of work e r s  over the age 
of 40 to OP c o m p o u n d s  may increase their risk of cardiac failure 
[16 3] due to vascular changes and changes in the ability of the 
b lood to coagulate (GE Quinby, MD, written communication, Kay 
1978) .
(viii) Reproductive System
Recent findings of infertility in male 
workers e x p o s e d  to EBCP have dem o n s t r a t e d  the n e c e s s i t y  to 
m o n i t o r  sperm counts in workers exposed to d i b r o m c c h l o r o p r o p a n e  
(DBCP) and to other pesti c i d e s  such as Kepone which have shown 
e f f e c t s  on r e p r o d u c t i o n  in animals. Studies per f o r m e d  on workers 
e x p o s e d  to DBCP d e m o n s t r a t e d  a co r r e l a t i o n  between oligospermia 
and e l e vated blood levels of follicle s t i m u l a t i n g  hormone (FSH) 
and l uteinizing horm o n e  (LH) [119].
(ix) Nervous System
The most f r e q u e n t l y  reported huiran
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health effects of p e s t i c i d e  exposure are f hose related to the 
n e r v o u s  system. S y m p t o m s  cover the full range from headaches and 
t remors to e p i l e p t i f o r m  c o n v u l s i o n s  [33]. Behavioral problems 
a t t r i b u t e d  to chronic pesticide e x p osure range from anxiety and 
d e p r e s s i o n  to ha l l u c i n a t i o n s  and schiz o p h r e n i a  [43,44], 
C o m p o u n d s  from nearly every pe s t i c i d e  c lass have been 
d e m o nstrated to have n e u r o t o x i c  effects either on the c e n t r a l  
n e r v o u s  system (CNS) or on peripheral nerves. Medical monit o r i n g  
for n eurotoxic effe c t s  must include a t h o rough history and 
n e u r o l o g i c  examination.
A c e t y l c h o l i n e  transmits nerve impulses to the heart and 
o t h e r  c h o l i n e r g i c a l l y  innervated muscles and other effectors. 
Thi s  kind of t r a n s m i s s i o n  is terminated by hydr o l y s i s  through 
C hE's of the a c e t y l c h o l i n e  released from nerve endings. OP and 
c a r b a m a t e  p e sticides are known inhibitors of ChE's. The 
i n h i b i t i n g  effect of these pesticides may be m e a sured by 
d e t e r m i n a t i o n  of ChE activity in the blood plasma and RBC's [97], 
Although c a rbamates inhibit ChE activity, their effect is usually 
b rief and reversible. The duration of ChE d e p r e s s i o n  due to OP 
p e sticide e x p o s u r e  makes perio d i c  moni t o r i n g  of ChE activity a 
u seful tool to detect o c c u p a t i o n a l  e x p osures [311],
The m o n i t o r i n g  r e q uires e s t a b l i s h i n g  a baseline for each 
worker, b e c a u s e  normal values may vary greatly from ore 
i n d i v i d u a l  to another. RBC ChE activity should be determined for 
workers exposed to OP insecticides. Measured values of ChE 
a c t ivity d e t e r m i n a t i o n s  can vary due to when blood is sampled, 
the laboratory used, and th e  method employed. Some of the more
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widely used ar.d a c c epted m e t h o d s  are Modified Michel, pH Stat, 
and Ellman (see Appendix II) . In addition, some OP and c a rbamate  
ins e c t i c i d e s  p r e f e r e n t i a l l y  inhibit plasma ChE. Monitoring of 
plasma ChE activity should be cons i d e r e d  by the p h y sician for 
t h o s e  employees exposed to such OP i n s e cticides [311].
Several r esearchers have suggested that e l e c t r o m y o g r a p h y  
and e l e c t r o n e u r o g r a p h y  m a y  have use as indicators of f unctional 
m y o n e u r a l  d i s t u r b a n c e s  in the absence of d e p r e s s e d  ChE activity 
[ 32,33,43,115,116].
(C) Freguency of Medical Monitoring
Medical exams and b i o l o g i c  tests must be 
a d m i n i s t e r e d  frequently enough to detect o c c u p a t i o n a l  illness, 
ideally before the e x p o s u r e s  induce any d e t e r i o r a t i o n  of health. 
However, several factors limit f r equency of monitorinq. Expense 
to employers and acceptability to e m p l o y e e s  are s ignificant 
a d m i n i s t r a t i v e  considerations. From a health standpoint, scire 
tests and e x a m i n a t i o n  methods pose a health hazard which mus t  te 
weighed against the e x p osure hazard being screened. Draw i n g 
blood can carry some health risk, and X-ray e x a m i n a t i o n  e x p o s e s  
work e r s  to radiation.
It is common practice to decrease the i n t e r v a l  between 
physical e xams with increasing worker age. One major 
m a n u f a c t u r e r  of pesticides gives mandatory p h y s i c a l s  to workers
less than 45 years of age every 1.5 years, and a n n u a l l y  to
w o r k e r s  over 45 years of age [312]. A large formulator of
p e s t i c i d e s  requires e xams at ages 25, 30, 35, 38, 40, and
a n n u a l l y  ther e a f t e r  [313].
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Besides e m p loyee age, job assignment may determine how 
f r e q u e n t l y  total physical exam i n a t i o n s  or particular biolo g i c  
tests are given. Work e r s  in high-risk occupations such as 
p e s t i c i d e  packaging should be e x a mined at least annually. 
E m p l o y e e s  who work with OP pesticides may require blood ChE tests 
as often as weekly [297].
Recent studies have indicated several a l t e r n a t i v e s  in 
s e l e c t i n q  the frequency of m e d i c a l  monitorinq. One plan would 
requ i r e  very infrequent mandatory exams (every 5 years), with 
e x a m s  offered v oluntarily every year. Another a l t e r n a t i v e  
p r o poses 2- to 5-year i n t e r v a l s  for a s y m p t o m a t i c  workers, with 
e x a m s  being given whenever a worker believes he has been exposed. 
This, of course, requires t r a ining workers to recognize signs and 
s y m ptoms of pesticide intoxication.
The f r equency of bioloqic testinq and p e r i o d i c  exams should 
be rela t e d  to the period of time in which the pesticide could 
cause adve r s e  effects as well as the s e v erity of the effects.
Pe r sonal Protective C l o t h i n g  and Equipment
In 1975, there were 94 reported c ases of o c c u p a t i o n a l  
i l l n e s s  r e sultinq from e x p o s u r e  to pesticides or their r e s idues  
in manuf acturinq and formulating facilities in California. 
E x p o s e d  were 54 production workers and 40 workers who were 
c l e a n i n g  or repairing p e s t i c i d e - h a n d l i n g  equipment. Exp o s u r e s  
were due to inhalation, ingestion, and skin or eye contact with 
the pesticide c h e micals [29], Where e n g i n e e r i n g  controls, as 
d i s c u s s e d  in C h a p t e r  IV, are inadequate or infeasible, other
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m e t h o d s  of p r otection must be used. Use of personal p r o t e c t i v e  
e q uipment and clothing provides another m e a n s  for r e d ucing 
o ccupational e x p o s u r e s  by isolating the worker from the 
pesticide. However, it must be e m p h a s i z e d  that the use of 
p e r sonal p rotective c l o t h i n g  and equipment will not by itself 
p revent pesticide poisoning and should not give the worker a 
false sense of security. Various types of protective e q u i p m e n t  
and clothing are d i scussed below.
(a) P r otective Clothing
In the m a n u f a c t u r e  and fo r m u l a t i o n  of pesticides, many 
o p p o r t u n i t i e s  can a r i s e  for unint e n t i o n a l  direct contact of the 
p es t i c i d e  with the worker. Liguids can be s p l ashed or s p i l l e d  
ont o  the w o r k e r ’s skin or into his eyes. Dusts may be blown into 
the worker's ey.es or mouth. E ngineering c o n t r o l s  alone are not 
al w a y s  sufficient to prevent these occurrences. Therefore,
t
di r e c t  protection of the routes of entry by use of p r o t e c t i v e 
c l o t h i n g  should help reduce these exposures. In an i n c i d e n t  
d e s c r i b i n g  the e f f e c t i v e n e s s  of protective clothing, a worker who 
was filling and capping drums of m e v i n p h o s  had some of the 
chemical splas h e d  on his arm [29]. Because he was wearing 
p r o t e c t i v e  c l o t h i n g  at the time, he had very little skin expos u r e  
and only e x p e r ienced mild symptoms of overexposure. V i olations 
cited by OSH A  in pesticide plants have included lack of proper 
p r o t e c t i v e  clothing; workers involved in p e s t i c i d e  m a n u f a c t u r e  
and formulation have risked e x p o s u r e  to parathion, chlordane, and 
d i c h l o r v o s  b e c a u s e  of i n a d e q u a t e  p rotective clothing and 
e q u i p m e n t .
2 5 2
Wolfe and Armstrong [18] studied the e f f e c t i v e n e s s  of 
personal p rotective eq u i p m e n t  in two DDT f ormulation plants. 
C a l c u l a t i o n s  wer e  mad e  to e s t i m a t e  the m a x i m u m  potential e x p o s u r e  
that could occur in different work s i t u a t i o n s  where prote c t i v e 
g e a r  was not used. Potential e x p osure was c alculated a s s u r i n g  
that a worker wore an o p e n - c o l l a r  sleev e l e s s  shirt, no 
respirator, no hat, and no gloves. These exposure values were 
c o m p a r e d  with t h e  actual values obtained, ta k i n g  into a c c o u n t  the 
prot e c t i v e  c l o t h i n g  and respir a t o r s  a c t ually worn by the workers. 
Work e r s  in both f ormulating plants wore rubber boots, caps, 
respirators, l o n g - sleeved cloth c o v e r a l l s  open at the neck, and 
r u b b e r  gauntlet gloves, which p r o v i d e d  some prot e c t i o n  at the 
w rist area not covered by the sleeve. In plant A, the caps worn 
w e r e  the type with a bill at the front. The bill was c o n s i d e r e d  
to give some protection fro m  d o w n w a r d - m o v i n g  particles in the 
face-front area, but very little protection on other face-r.eck 
areas. In plant B, the caps worn were b e a n i e - t y p e  with no bill 
and provided p r o t e c t i o n  o n l y  for the top of the head. Rubber 
a prons were worn in plant B, and that plant also had better 
ve n t i l a t i o n  and other e n g i n e e r i n g  controls. Exposure values were 
c a l c u l a t e d  for each worker, taking into account the e s t i m a t e d  
p e r c e n t a g e  of skin area a c t u a l l y  exposed. By co m p a r i n g  the irean 
v a l u e s  of toxic dose received per h our with those calcu l a t e d  for 
the theoretical " m i n i m u m  protection" e x posure, it was c a l c u l a t e d 
that had the w o r k e r s  not worn their protective e q uipment they 
would have bee n  exposed to 5-10 times more DDT in plant A and 
a p p r o x i m a t e l y  2.5-3.5 times mor e  DDT in plant B.
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P r otective clothing ranges from glo v e s  and aprons to
garments that completely cover the body. T here is also a 
di v e r s i t y  of m a t e r i a l s  used in these clot h e s  including rubber, 
leather, cloth, and s y n t h e t i c  fibers. Because of the many types 
of clothing and m a t e r i a l  available, s e l e c t i o n  of proper
prote c t i o n  should be c a r e f u l l y  considered. Probably the most 
i m p o r t a n t  c r i t e r i o n  for s e lection is the degree of protection 
which a particular piece of equipment affords against a potential 
hazard. This should take into a c c o u n t  the p h y s i c a l  f orm of the 
p es t i c i d e  c h e mical, ie, solid, liquid, or qas. For liquid
formulations, or wet h yqroscopic solids, this is p a r t i c u l a r l y  
i m portant, because of the p ossibility of p e r m e a t i o n  thro u g h  the 
cloth i n g  worn. Although cloth coveralls provide a r e a s o n a b l e  
a m o u n t  of dermal protection, the wearing of waterproof trousers 
p r o vides the best p r o t e c t i o n  for the lower t r u n k  and leg areas
and is espec i a l l y  recomm e n d e d  in work s i t u a t i o n s  where there is a
c h a n c e  of liq u i d  s p i l l a g e  or penetr a t i o n  due to exc e s s i v e  cont a c t  
wit h  dry pesticides. For gases such as m e t h y l  bromide, the use 
of gloves m a y  cause the volatile gas to be trap p e d  next to the 
skin surface and thereby increase a b s o r p t i o n  (J Conder, written 
communication, February 1978).
To be effective, prot e c t i v e  c l o thing must be impervious to 
the chemicals it is p r otectinq against. However, i m p e r v i o u s  
c l o t h i n q  may i n t erfere with the body's c o o l i n g  m e c h a n i s m  by 
e x c l u d i n g  airflow to the skin surface. T h e  effe c t s  of different 
types and weaves of cloth vs their effect in minim i z i n g  the 
p e n e t r a t i o n  of residues con t a c t e d  in the field has been examined.
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Six orange pickers p a r t i c i p a t e d  in the study wearing 2- x 3-inch 
patc h e s  of tightly woven c o t t o n  shirting fabric. The patch was 
b acked up by a l u m i n u m  foil in order to trap the residues which 
penetrated. T h e  results of this initial study indicated that 47% 
of the applied dose of parathion and its mor e  toxic oxi d a t i o n  
product, paraoxon, p e n e t r a t e d  the tigh t l y  woven cotton material. 
The Calif o r n i a  State Department of Health r e c o m m e n d e d  the use of 
n o n w o v e n  laminar t r e a t e d  c l o thing with t r eatment on both sides of 
sp u n - b o n d e d  polypropylene. The a d vantages of this m a t e r i a l  are 
that it is lightweight, disposable, and cool to wear in hot 
weather [ 314].
Davies [ 315] r e p o r t e d  a study in w h i c h  silicone was used 
to treat the c l o thing of p e s ticide workers. Shirts, pants, 
socks, and shoes were dipped in a silic o n e  solution. By 
m e a s u r i n g  m e t a b o l i t e s  in the urine, it was determined that 
workers with treated clothing s u s tained less skin e x p o s u r e  to 
p a r a t h i o n  than those with untreated clothing.
Although protective clothing should be selected for its 
r e s i s t a n c e  to c h e m i c a l  p e n e t ration, truly impermeable c l o t h i n g  
m a y  be difficult to find. In testing various prot e c t i v e  glove 
m a t e r i a l s  for permeability, Sansone and Tewari [ 3 1 6 , 3 1 7 ]  found 
that pe n e t r a t i o n  of all m a t e r i a l s  used occurred with all 
p e s t i c i d e s  tested. Carbon tetrachloride, m e thylene c h loride, 
t e t r a c h l o r o e t h a n e ,  trichloroethane, and p e r c h l o r o e t h y l e n e  
s u b s t a n t i a l l y  (10% or more) penetrated natu r a l  rubber, neoprene, 
and pclyvinyl c h l o r i d e  (PVC) glove m a terials within half an hour. 
P o l y v i n y l  alcohol (PVA) glove m a t e r i a l  showed much greater
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r e s i s t a n c e  to ch l o r i n a t e d  pesticides, but it was penetrated ty 
DBCP and EDB, as were the other materials, in as little as 5 
minutes. Only a c r y l o n i t r i le failed to penetrate each m a t e r i a l  in 
5 minutes, but penetrated all three m a t e r i a l s  within 30 minutes.
Even when wearing p r o t e c t i v e  clothing, care must be taken 
to prevent gross c o n t a m i n a t i o n  from e x c e s s i v e  a m o u n t s  of 
chemicals. A worker manif e s t e d  signs of m e v inphos poisoning 
after he leaned a g a i n s t  a spout that was used to fill c o n t a i n e r s  
with that pesticide. Some of the liquid soaked through his 
p r o t e c t i v e  cov e r a l l s  [29], An OSHA i n s p e c t i o n  of one p e s ticide  
f o r m u l a t o r  r e v e a l e d  c o n t a m i n a t i o n  of personal protective c l o t h i n g  
by baygon and by sodium arsenite.
P r otective c l o t h i n g  should not be worn home or taken home 
to te laundered. Cleaning should be done at work with 
a p p r o p r i a t e  safeguards, or by a p r o f essional laundry- This 
pr e vents workers from c a r rying residual c h e micals home o n  their 
c l o t h i n g  and thereby possibly e x p o s i n g  their families. Despite  
washing, pes t i c i d e  che m i c a l s  may remain on clothing. Southwick 
[ 3 1 8 ]  reported one fatality a t t r i b u t a b l e  to work clothing that 
r e m a i r e d  con t a m i n a t e d  with parathion even after laundering.
Drry et al [319] compa r e d  the e f f e c t i v e n e s s  of a co m m o n  
c h l o r i n e  bleach solution in the removal of pesticides frotr two 
fa b r i c s  at two different soak periods. The p e sticides used were 
parathion, diazinon, lindane, and carbofuran. The two fabrics, 
typi c a l  of work clothing, were 100% co t t o n  d e n i m  and 50/50% 
pol y e s t e r / c o t t o n .  The s t o c k  bleach s o l ution was 5.25% sodium 
h y p o c h l o r i t e  laun d e r i n g  bleach, diluted with water for a final
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ch l o r i n e  c o n c e n t r a t i o n  of 0.05%. Each of the 4 pesticides was 
appl i e d  to the fabrics and each fabric was su b j e c t e d  to the 
bleach s o l u t i o n  for 1 or 24 hours, respectively, for a total of 
16 experiments. In denim fabric, after a 1-hour soak, 41.4% 
p a rathion, 49.6% diazinon, 21.2% lindane, a n d  32.5% c a r b o f u r a n  
were removed, and after 24 hours, 98.8% parathion, 93.6% 
d i a 2inon, 14.8% lindane, and 95.0% c a r b o f u r a n  were removed. In 
pol y e s t e r  cotton, after 1-hour soaks, 41.2% parathion, 60.9% 
diazinon, 19.0% lindane, and 7 2.5% c a rbofuran were removed; and 
after 24 hours, 96-4% parathion, 98.6% diazinon, 17.1% lindane, 
and 100% c a r b o f u r a n  were removed. The authors concluded that a 
1-hcur soak in 1% chlorine bleach alone was not sufficient to 
remove some types of pesticide contamination; however, after a 
24-hour soak, removal was quite good, exc e p t  for lindane. They 
s u g g e s t e d  that c o m b i n a t i o n s  of bleaching and soap laudering would 
be mcie e f f e c t i v e  in p e s t i c i d e  remo v a l  than using bleach alone.
Prot e c t i v e  c l o t h i n g  should be kept separate from street 
cl o t h i n g  so that c o n t a m i n a t i o n  of street c l o t h i n g  will not occur. 
The clothing s h o u l d  be i n s p e c t e d  frequently for rip s  or t e a r s  and 
r e p a i r e d  or replaced when so indicated.
(b) Gloves and Gauntlets
Dermatitis and absor p t i o n  of c h e m i c a l s  t h r o u g h  the s kin are 
two irain p r o b l e m s  a s s o c i a t e d  with the handling of pesticides. 
Gloves and g a u n t l e t s  are s p e c i a l i z e d  types of protective c l o t h i n g  
d e s i g n e d  to protect the hands and forearms from contact with 
p e s t i c i d e  c hemicals, thereby reducing e x p o s u r e  of the skin.
Handling p e s ticide ch e m i c a l s  or their c o n t a i n e r s  with
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gloves reduces exposure to leaked pesticides, espe c i a l l y  those 
which m a y  penetrate the skin- A foreman taking a sample 
acci d e n t a l l y  popped a lid on a vial and spilled mevinphos on his 
hands [29]. Even though he washed immediately, he still 
developed stomach cramps. Another worker was h o s p i talized for 3 
days and was trea t e d  for OP p o isoning after using his bare hands 
to put the cap back on a mev i n p h o s  sample container [29], In 
both of these cases, gloves were provided and required for taking 
the sample but had not been worn. One e m p loyee de v e l o p e d  
d e r m a t i t i s  on her h ands and f o r e a r m s  after filling bottles with 
m a l a t h i o n  [29]. She had refused to wear rubber gloves that were 
p r o v i d e d .
Gloves should be checked before each use to ensure that 
they are not damaged or c o n t a m i n a t e d  on their inside surfaces. A 
batch maker in a f o r m u lation plant, who was wearing gloves, 
spilled a f u n gicide on his hands and developed contact d e r m a t i t i s  
[291]. The a c c i d e n t  report s u r mised that either the gloves had a 
hole in them or some of the c h e m i c a l  spilled into the top of the 
gloves. I n s p e c t i o n  of the gloves might have pre v e n t e d  the 
exposure.
(c) Foot P rotection
P r o t e c t i o n  of feet requires s p e c i a l i z e d  types of prote c t i v e  
c l o t h i n g  in the form of shoe c o verings or boots. This is 
e s p e c i a l l y  important where liquid pesticide chemicals are 
handled. First and second deqree chemical b u r n s  were s u s t a i n e d  
by d p roduction operator who was not wearinq any foot p r otection 
when he spilled ethylene dib r o m i d e  on his foot [297 ], W e a r i n g
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If foot protective d e v i c e s  become conta m i n a t e d ,  they should 
be de c o n t a m i n a t e d  or replaced. A foreman who spilled e t h y l e n e  
dibrciride into his boot washed his foot and then put the 
contairinated boot back on [ 320 ]. C h e m i c a l  barns and derm a t i t i s 
of his feet resulted.
Boots and other foot coverings need to be e x a mined or a 
regu l a r  basis for any holes or breaks that would permit leakage 
of pesticide chemicals. Whe n  not in use, prot e c t i v e  footw e a r  
s h o u l d  be stored in areas free from contamination.
(d) Head and Face Protection
Many different types of p rotective e q u i p m e n t  are a v a i l a b l e  
for preventing e x p o s u r e s  of the face and head to pesticide 
chemicals. These include safety qlasses, goggles, face shields, 
and various types of hats.
Protection of face a n d  head is important, c o n s i dering the 
dif f e r e n t  sites and routes of e x p o s u r e  to pesticides. According 
to one study [20], the h u m a n  body absorbs p a r athion at rates that 
vary from 32% for the scalp to 47% for the ear canal, to ar 
e s t i m a t e d  100% for the eyes (see Table T 1 1 — 1). During 1975 in 
California, 8 out of 56 (14%) p roduction workers and 15 out of 40
(38%) m a i n t e n a n c e  men who ex p e r i e n c e d  o c c u p a t i o n a l  illnesses due 
to pesticides received eye e x posures [321].
Head p r otection is important where e x p o s u r e  from o v e r h e a d  
sources is likely to occur. A helmet with a brim all the way 
a r o u n d  provides the most c o m p l e t e  protection for head, face, and 
back of the neck. P r otective caps w h i c h .completely cover the
rubber toots might have pre v e n t e d  this accident.
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ha i r  are necessary for two reasons. First, they prevent e x p o s u r e  
of the scalp, and second, they keep p e s t i c i d e s  from being 
retai n e d  by the hair and later falling into the eyes, or acting 
as a continuous source of dermal exposure. Headgear should be 
c o o l  and li g h t w e i g h t  so that it is c o m f o r t a b l e  for those wearing 
it.
Each job should be e v a l u a t e d  for the possible exposures 
that could occur and p r otective equipment chosen accordingly. If 
there is a danger of liquids beinq splashed into the face, a face 
shield should be worn. S p l a s h-proof qoqqles will prevent liquids  
or dusts from getting in the eyes.
Care must be taken in s e l e c t i n g  protective equ i p m e n t  lest 
it provide a false sense of security. Workers wearinq i n adequate 
e q u i p m e n t  miqht not realize that they are being exposed if they 
think they are wearinq the proper equipment. Maddy and Topper 
[29 ] cited two cases where workers were wear i n q  safety glasses 
inst e a d  of qoggles, and eye injury occurred. In another case, a 
worker had capta f o l  powder blown into both his eyes through the 
side vent of his goggles. In each of these cases, exposure could 
hav e  keen p r evented by better job e v a l u a t i o n  and s e l e c t i o n  of 
a p p r o p r i a t e  equipment. One employee had l i q u i d  lime sulfur 
splashed into his face [29]. Although the use of safety 
e q u i p m e n t  was not requi r e d  by the employer for the job he was 
performinq, a face sh i e l d  miqht have quarded against such 
exposure.
Maddy and Edmiston [297] cited two cases where eye 
c o n t a m i n a t i o n  occurred because no protective equipment was worn.
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In one case, a supe r v i s o r  had "ant p o w d e r ” b lown into his eyes 
while trying to repair a p a c k a g i n g  machine. In another instance, 
a car. of insect spray exploded and sprayed pesticide into the 
e y e s  of the machine operator.
When s e l e c t i n g  protective equ i p m e n t  for the face and head, 
different c o n f i g u r a t i o n s  a n d  construction m a t e r i a l s  are important 
factors. Plastic lenses are mor e  resistant to breakage an d  hot 
m ate r i a l s ,  and take longer to fog than most glass. Plastic also 
weighs less, which aids in wearing comfort. If e q u ipment is not 
comfortable, workers will resist wearing it. One worker had 
p r o p a r g i t e  sprayed into his eyes after he removed his goggles 
[321], It was a hot day and the goggles irritated the skin 
a r o u n d  his eyes.
If a worker needs c o r r e c t i v e  lenses, it is p referable to 
g r i n d  the c o r r e c t i o n  into a goggles lens £322]. Where t his is 
not possible, special goggles that fit over glasses are required- 
Although considerable c o n t r o v e r s y  exists r e g a r d i n g  the wear i n g  of 
contact lenses during c h e m i c a l  exposure, cont a c t  lenses should 
not be worn because of the possibility of getting contaminants, 
p a r t i c u l a r l y  liquids and vapors, caught b e t w e e n  the contact lens 
and the eye, which ma y  result in severe c h e mical burns. However, 
if goggles c o n t a i n i n g  c o r r e c t i v e  lenses s u b s t a n t i a l l y  re d u c e  the 
e m p l o y e e ' s  vision, contact lenses may be worn under spl a s h - p r o o f 
cheirical goggles.
Face shields, which attach to head gear, are designed to 
g i v e  protection to the entire face from the forehead to the neck. 
T h e y  are used mainly where splashing of liquid p e sticide
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c h e m i c a l s  is likely to occur.
W hen not in use, p r o t e c t i v e  equ i p m e n t  should he st o r e d  in 
a r e a s  free fro m  pes t i c i d e  chemi c a l  contamination. If equ i p m e n t  
were left in a place where it became c o n t aminated, it could 
b e c o m e  a so u r c e  of exposure for the next user. Before using 
p r o t e c t i v e  equipment, each worker should e n s u r e  t hat it is clean 
and that is has not been damaqed in any way that would prevent 
proper functioning.
(e) R e s p i r a t o r y  P r o t e c t i v e  Equipment
Cases of occu p a t i o n a l  illness and death have been 
a t t r i b u t e d  to lack or improper handlinq of respirators and to 
i m p r o p e r  q u i d a n c e  as to r espirator use in p e s t i c i d e  facilities. 
De Palma [113] reported t hree cases of exposure to arsine due to 
no n u s e  of re s p i r a t o r s  in a plant producinq the h e rbicide sodium 
acid methane arsenate.
Kazantis et al [106] cited another incident in which
r espirators were not used and o v e r e x p o s u r e  occurred during the
mixinq of aldrin w ith fuller's earth. The e m ployee's e x p o s u r e
miqht have been reduced by e n q i n e e r i n q controls, but in the
a b s e n c e  of such controls, a much more ef feet ive type of
re s p i r a t o r  should have been used.
In the a b o v e - m e n t i o n e d  incidents, proper a s sessment of the 
h a z a r d  could have led to providinq a p p r o p r i a t e  p rotection to the 
workers. Hazard control, as previously m e n t i o n e d  in Chapter- IV, 
should start at the process, equipment, and plant desiqn levels 
to control c o n t a m i n a n t s  at their source.
(1) R e s p i r a t o r  S e l e c t i o n  and Limita t i o n s
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Respiratory p rotection devices vary in design, 
application, and p r otective capability. The user, supervisor, 
and eirployer mus t  therefore assess the i n h a l a t i o n  hazard and 
u n d e r s t a n d  the specific use and limitations of ava i l a b l e 
e q u ipment to assure proper selection.
Respir a t o r y  p r otective devices are tested and approved by 
NIOSH an d  the Mining Safety and Health Adminis t r a t i o n  (MSHA) for 
p r o t e c t i o n  against a wide range of i n halation hazards, in c l u d i n g  
o x y g e n - d e f i c i e n t  and highly toxic atmospheres and those 
c o n t a i n i n g  " n u i s a n c e ” dusts. W h e never possible, it is d e sirable 
to select N I O S H / M S H A - a p p r o v e d  equipment. Test i n g  and a p p r o v a l  of 
these re s p i r a t o r s  are subject to conditions in 3) CFR Part 11.
In addition, 29 CFR 1910.134 states that respirators shall 
be selected on the basis of the hazards to which workers are
e x p o s e d  and that ANSI Z 8 8 . 2-1969 shall be used for g u i dance in
this selection. Many of the criteria for selection of 
respirators, including the joint NIOSH/OSHA decision, logic for
respir a t o r s  [323], are d e pendent on pe r m i s s i b l e  exposure limits 
and therefore cannot be applied to s u bstances for which Federal 
st a n d a r d s  have not been established. Both the ANSI standard and 
the NIOSH/OSHA decision logic use other criteria in a d d i t i o n  to 
e x p osure limits for deciding respirator use, including the
p o s s i b i l i t y  of skin absorption, poor warning properties, and eye 
i r r i t a t i o n  by the material. The following are guide l i n e s  
s u ggested in these c r i teria [ 323]:
(A) Supplied air suits provide both skin 
and respiratory p r o t e c t i o n  and should be used in h a n dling
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extreirely toxic s ubstances which may be absorbed through the 
skin.
(B) Only full facepiece respirators should 
be used when c o n t a m i n a n t s  may produce eye irritation.
(C) For firefighting, the positive 
p r essure, s e l f - c o n t a i n e d  b r eathing apparatus should be used.
In some i n d u s t r y  segments [ 8 (p 82) ], chemical car t r i d g e  and 
canister masks are not used and p o s i t i v e - p r e s s u r e  air s u p plied 
r e s p i rators are preferred. Two types of the latter are 
available: s e l f - c o n t a i n e d  b r e athing apparatus and air-line
respirators. These a i r - s u p p l i e d  respir a t o r s  can be safer than 
ch e m i c a l  car t r i d g e  or canister mask respirators. lihen the 
p o s i t i v e - p r e s s u r e  type of air-s.upplied r e s p i r a t o r  is worn, 
f a c e p i e c e  leaks will simply allow air to p ass out of the 
f a c epiece rather than into it. The worker is not dependent on 
the surrounding air which may be a source of a pesticide or other 
contairinant, thus further decreasing chan c e s  for exposure. If 
t here is an o x y g e n - d e f i c i e n t  atmosphere, such as may occur in a 
reaction vessel, only s e l f - c o n t a i n e d  equ i p m e n t  should be used 
[ 324].
The protection afforded by any r e s p i ratory device is 
l imi t e d  by the q u a l i t y  of the seal b e t w e e n  the r e s p i r a t o r  
f ac e p i e c e  and the w e a r e r ’s face. Facial seal, and therefore, 
r e s p i r a t o r y  fit, ca n  vary due to a variety of factors, such as 
the facial contour, the way the respirator is donned each time it 
is used, the amount of p e r s p i r a t i o n  on the face, the amount of 
b eard growth, the tightness of the straps, and other factors. A
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study in 1973 [ 325 ] indicated that, both daily growth of facial
h a i r  as well as e stablished beards detrimentally affect the seal 
of respirators.
The use of eye glasses also affects the facial seal of 
respirators, and wherever glasses penetrate the seal, a leak and 
resultant loss of protection will occur. Various ways of 
p r e v e n t i n g  this leakage have been utilized, including m o u nting 
the glasses inside the facepiece. The use of contact lenses is 
not a good s o l u t i o n  to this problem. If a contact lens should 
ha p p e n  to slip or need adjustment while the respirator facepiece 
is being worn in a h a z a r d o u s  atmosphere, a serious problem *ould 
exist since reiroval of the respirator would not be possible and 
imm e d i a t e  escape from the a t mosphere may not be possible either.
A l imitation of a i r - p u r i f y i n g  r e s p i r a t o r s  is that the end 
of service life for a cartridge or c a n ister is not always 
evident. In formulating and m a n u f a c t u r i n g  areas, inherent 
problems arise when odor d e t ection is used as a sign of e x p o s u r e  
b e c a u s e  some c o n t a m i n a n t s  do not have detectable odors. Also, 
the cdor thr e s h o l d  may be higher than an established pe r m i s s i b l e  
exposure limit, or the odor of the c o n t a minant may be ma s k e d  by 
other airborne substances.
Another major l i m iting factor in wearing respirators is the 
b r e a t h i n g  resis t a n c e  inherent in many respirators, such as the 
canister type. Respirators approved under 3) CFR Part 11 have 
i n h a l a t i o n  r e s i s t a n c e s  varying from 12 to 102 mm of water and 
e x h a l a t i o n  resistances varying from 15 to 25 mm of water; these 
r espi r a t o r  p e r f o r m a n c e  specifi c a t i o n s  are for normal, healthy rren
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[325^. Pulmonary disease, th e  r esistance to airflow ir 
respirators, and pulmonary function capa b i l i t y  of " n o r m a l ” 
heal t h y  workers must be considered in e v aluating whether 
emp l o y e e s  can use respirators. In the case of self-co n t a i n e d  
b r e a t h i n g  apparatus, weight of the equipment would also he a 
factor iraking the r e s p i r a t o r  d i fficult to use. If a w o r ker's 
c a r d i o v a s c u l a r  or pulmonary function is impaired, wearing a 
r e s p i r a t o r  may c o n s t i t u t e  an unacceptable risk due to bre a t h i n g  
resis t a n c e  and/or weight of the respirator a p p a r a t u s  itself. 
Also for all Group I pesticides, where r espirators are necessary, 
a qua n t i t a t i v e  fit test should be performed to ensure that the 
e m p l o y e e  is not exposed to pesti c i d e s  as a result of s u b s t a n t i a l  
leaks.
(2) Respiratory Protective E q u ipment Care
If respir a t o r s  are to be effective, they must have 
proper care. In one NIOSH site visit of a formulatinq plant [8(p 
75) ], r espirators were som e t i m e s  dirty or lying on workbenches. 
T his iray lead to c o n t a m i n a t e d  filters, c a r t r idges, or facepieces, 
and potentially allow for direct inhalation of a pesticide. 
Cert a i n  respirator parts must also be handled carefully. Rubber 
f a c e p i e c e s  become hardened and head straps lose their e l a s t i c i t y  
with age and exposure to heat and sunlight. These c o n d i t i o n s  
lead to poor fit and allow leakage around the facepiece. Because 
the respirator may be used as a l i f e - p r o t e c t i n g  system, the 
n e c e s s i t y  for its proper m aintenance must be e m phasized to 
workers in resp i r a t o r  use training. Several p e sticide 
formula^ors have been cited by OSHA for failure to have a
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c o m p r e h e n s i v e  program cover i n g  respirator use and maintenance. 
Such practices have potentially exposed workers to chlordane, 
Kepone, and phorate.
Two of the more c o m m o n  bad practices reported [327] are: 
(1) failing to wash the facepiece properly and (2) n e g l e c t i n g  to 
change t h e  filter cartr i d g e s  or canisters regularly. W a s h i n g  of 
the facepiece of a c a r tridge-type respirator should not be 
a ttempted while the c a r t r i d g e s  are in place since moisture iray 
contact the activated charcoal filter material. Merkle, at the 
National C o n f e r e n c e  on Protective Clothing and Safety Equipment 
for Pesticide Workers [328], suggested a p r ocedure for c l e a n i n g 
respirators. The irask parts (with filters removed) and other 
p r o t e c t i v e  gear should be placed in a 5% solution of sodium 
hy d r o x i d e  or a strong alkaline soap solution for a minute or t w c , 
followed by a thorough rinse with clean water. C l e aning of the 
mask parts with a cleaner-sanitizer, such as ethanol, was also 
recomrrended. Solvent materials that affect rubber should never 
be used as c l e a n e r s  because they may c ause d e t e r i o r a t i o n  of 
rubber parts.
Proper m a i n t e n a n c e  an d  storage of respir a t o r s  are also 
e s s e n t i a l  to a r e s p i rator's continuing effectiveness. Merkle 
[328] recommended that in the specific case of ma i n t a i n i n g  met h y l  
bromide respirators, gas mask canisters should be replaced after 
each use because methyl bromide has poor retention 
c h a r a c t e r i s t i c s  in a c tivated charcoal. After a few day's 
storage, a p a r t i a l l y  used canister will ev o l v e  methyl bromide 
e v e n  when clean air is passed through it and thus will become a
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pot e n t i a l  hazard in itself.
OSHA requires in 29 CFE 1910.134 that respirators be stored 
to protect against dust, sunliqht, heat, extreme cold, excessive 
m o isture, and dairaqinq chemicals. In order to accomplish these 
objectives, the National Safety Council (NSC) has r e c o m m e n d e d  
[322] that freshly cleaned respirators be placed in h e a t - s e a l e d  
or reusable plastic baqs until reissue. They should be stored in 
a clean, dry location away from sunliqht to protect aqainst loss 
of elasticity. Storing a respirator in the p o s i t i o n  in which it 
is used also prevents d i s t o r t i o n  of the facepiece, which may 
c a u s e  a poor fit.
(3) Resp i r a t o r  E d ucation
For safe and eff e c t i v e  use of any r e s p i ratory  
p r o t e c t i v e  device, the user should be properly instructed in its 
selection, use, and maintenance. Misuse can be avoided by 
e s t a b l i s h i n g  written procedures for r espirator s e lection and use, 
and by properly supervising all aspects of a respirator proqrair. 
The written procedures should contain all information ne e d e d  to 
ensure proper respiratory protection of a specific qroup of 
workers against a s p e cific hazard or s e v e r a l  particular hazards, 
pescription of the limitation of each device against different 
m a t e r i a l s  or c o n c e n t r a t i o n s  helps the user select the proper 
r e s p i r a t o r y  protection. The proper use of r e s p i rators is hiqhly 
d e p endent on thorough assessment of the hazard; otherwise the 
proce d u r e s  will have only l i m i t e d  validity.
Another major elem e n t  to be included in written procedures 
should be a detailed de s c r i p t i o n  for traininq workers in proper
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use of the respirator, including fitting. Merkle [328] 
r ecomirended that each worker have the c a p a b i l i t y  to check for 
tightness before e n t e r i n g  the e x p o s u r e  area. This can only be 
achieved by training the worker on how to properly wear 
respirators. Written procedures for cleaning and d i s i n fecting 
respirators, repair of worn or def e c t i v e  parts, and proper 
s tor a g e  instructions aid in reducing exposures.
Par t i c u l a r l y  imp o r t a n t  is e s t a b l i s h i n g  procedures for 
r e s p i r a t o r  use during e m e r g e n c i e s  such as fire, large spill a g e  of 
volatile material, accidental release of a toxic substance, or 
failure of a v e n t i l a t i o n  system. Con f u s i o n  that might occur in 
e m ergency s i t u a t i o n s  may be alleviated by practice drills. 
F urthermore, these e m e rgency procedures should be used in 
t r a i n i n g  e m e rgency response teams. Location of respir a t o r y  
devices in these situ a t i o n s  is vital for safety of the worker.
A d m inistrative procedures are also important in d e v e l o p i n g 
a respirator program. Control of inventory of spare parts, 
shelf - l i f e  information, and n o t a t i o n  of dates for servicing 
en s u r e  proper m a i n t e n a n c e  of respirators.
Proper i s s uance of r e s p i r a t o r s  to ensure use of the proper 
one for a given hazard is another adminis t r a t i v e  task. 
S upervisory personnel should be given g u i dance in sur v e i l l a n c e  of 
r e s p i r a t o r  use and d e t e r m i n a t i o n  of worker's exposures to 
respir a t o r y  hazards. Simply having written procedures is not 
sufficient. Safety can be firmly e s t a b l i s h e d  only by s u p e r vision 
to make sure that the proper respirator is b e i n g  used and by 
periodic inspection and testing of respirators.
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Housekeeping, Hygiene, and Sanitation
Cleanl i n e s s  of the workplace and p e r sonal hygi e n e  is 
ess e n t i a l  to m i n i m i z i n g  pesticide exposures. pes t i c i d e 
a c c u m u l a t i o n s  in the working area can expose workers by skir 
contact when touching c o n t a m i n a t e d  handrails, tools, equipirent 
controls, and furniture, or by inhalation when moving air or 
vibrating surfaces cause reemission of pest i c i d e s  into the air. 
Fail u r e  to cleanse pesticides from the skin may not only give 
rise to d e rmatitis but also may allow a b s o r p t i o n  through the skin 
to cause s y s t e m i c  effects. C o n t a m i n a t i o n  of foods, beverages, 
e a t i n g  and drinking utensils, or smoking m a t e r i a l s  allows 
p e s t i c i d e s  to enter the body by ingestion or inhalation.
Lack of c l e a n l i n e s s  has been r e s p o n s i b l e  for a variety of 
p es t i c i d e  exposures. In one case, the o u t s i d e  surf a c e  of 
p e s t i c i d e  plant equipment was contaminated with a wet m e v i n p h o s 
residue. After contact with the dirty surface, the m a t erial 
s oaked through to an employee's skin and he e x p e r ienced CP 
poiscr.ing symptoms [29]- Another pes t i c i d e  exposure was 
attri b u t e d  to contact with a worker's c o n t a m i n a t e d  skin surface 
when a laboratory worker injured his eyes after rubbing them with 
his d i c h l o r o p r o p a n e - c o n t a m i n a t e d  hands [297]. In another case, 
the conta m i n a t i o n  of a drinking container with paraquat led to a 
f atal overexposure by ingestion [ 299 ],
(a) Plant Hou s e k e e p i n g  and Disposal
The object of h o u s e k e e p i n g  in a p e sticide m a n u f a c t u r i n g  or 
f ormulating plant is to protect emp l o y e e s  from pesticide
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exposure; one way is to recapture spilled or leaked pesticides. 
T his has a direct bearing on cleaning procedures. F l u shing 
contarrinated areas with a jet of steair, air, or water may serve 
o nl y  to further disperse the pesticide. For example, a worker 
a cc i d e n t a l l y  c o n t a m i n a t e d  his eyes with pesticide while using 
s t e a m  to clean pest i c i d e - h a n d l i n g  equipment [29]. Another 
worker, usinq a high-pressure air hose to flush pesticide, blew 
the rraterial into his own face causing c h e m i c a l  dermatitis [29]. 
S u r faces should be washed down only if the runoff can be 
c o l l e c t e d  by drains or sumps and can be a d e q u a t e l y  decontaminated 
b e f o r e  disposal. Liquid p esticides can be clea n e d  up by covering 
with an ab s o r b e n t  such as clay. It is co m m o n  practice among 
f ormulators to reuse the p e s t i c i d e - s o a k e d  a b sorbent in making 
f o r m u l a t i o n s  [8(p 38) ]. Solid pesticides should be cleaned up by 
vacuuiring, but care must be t aken that the vacuum system 
c o l l e c t o r  entrains respirable particles. C o n t a i n e r s  of col l e c t e d  
w a s t e  pes t i c i d e  should be handled and labeled with the same 
p r e c a u t i o n s  given to pesticide products.
Pesticide c o n t a m i n a t i o n  of working areas should be clea n e d  
up as soon as possible. Allowing accum u l a t i o n s  i n creases the 
risk cf worker exposure. In the m a n u f a c t u r e  of Kepone, 76 
p r o d u c t i o n  employees out of a work force of 113 e x p e r i e n c e d 
e f f e c t s  of pesticide e x p o s u r e  due ma i n l y  to gross c o n t a m i n a t i o n  
of the workplace. Kepone covered most of the plant equipment and 
work surfaces, in some places (notably in packaging operations) 
to a depth of 2 feet [84 ]. The method of cleaning is as 
i m portant as the frequency to prevent worker exposures. Proper
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p e r sonal protective e g u ipment must be worn by workers during 
cleaning. A p e s ticide formulating worker was cleaning plant 
a p p a r a t u s  after removing his protective equipment and was 
ov e r e x p o s e d  to pa r a t h i o n  [ 320 ].
Disposal of pesticide wastes also can c a u s e  exposures. A 
p e s t i c i d e  m a n u f a c t u r i n q  worker sustained o r q a n o p h o s p h a t e 
poi s o n i n g  while dumping waste [74]. The dispo s a l  of spills and 
to x i c  wastes into the general se w a g e  system can create problems 
due to the mixing of ma t e r i a l s  such as acids, caustics, 
phosphorus, arsenic, and cyanide compounds which may interact to 
rele a s e  toxic gases into the workplace. The disastrous results, 
i nc l u d i n g  c o n t a m i n a t i o n  of f i s heries and recreation areas and 
s u b s e q u e n t  m u l t i m i l l i o n  dollar lawsuits, that a rose from s p i llaqe 
of Kepone into the James River demonstrate other problems that 
such dumpinq can create [84].
SPA has establ i s h e d  regula t i o n s  d e f ining p r ohibited 
p r o c e d u r e s  pertinent to the disposal of surplus containers and 
p e s t i c i d e s  (Federal R e g i s t e r  39:36867, October 15, 1974). 
Specifically, open dumping is p r o h i b i t e d  as is open burning, 
except for small q uantities of c o m b u s t i b l e  c o ntainers not 
ex c e e d i n g  50 pounds or the quantity emptied in a single workday, 
w h i c h e v e r  is less. Hater dumping is g e n e r a l l y  prohibited. 
Local, state, and Federal regulations should be consulted 
w h e n e v e r  disposal occurs. Among the sug g e s t e d  precautions are 
i n c i n e r a t i o n  and burial in a manner not detrimental to the air or 
water environments.
(b) Personal Hygiene and Sanit a t i o n
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Habits of personal c l e a n l i n e s s  can play a significant role 
in protecting p e sticide workers from exposure. Each worker irust 
ke e p  not only his body, but also any object which comes into 
contact. with his body, free from pes t i c i d e  contamination- The 
hands should be washed before eating or smoking so that m a t e r i a l s  
en t e r i n g  the m o u t h  do not carry p esticides into the b o d y  by 
i n g estion or by inhalation. It is e specially important to wash 
the hands before going to the toilet. Hands soiled with 
pa r a t h i o n  absorbed the pesticide at only a 12% rate, c o m p a r e d  
wi t h  the s c r o t u m  which absorbed the p e s ticide at a 100% rate 
[ 2 0 ].
Washing methods and facilities irust be planned to avoid 
r e c o n t a m i n a t i o n  or exposure. Faucets for handwashing should be 
op e rable by a device, such as a foot treadle, that does not 
reguire hand contact. Soap sh o u l d  be d i s pensed on a per use 
basis, rather than in a reusable bar form. Abrasive m a t e r i a l s  
which remove layers of skin, or strong a l k alies or solvents which 
defat the skin, should not be used. I n d i v i d u a l - u s e  towels should 
be provided for drying the hands. Even with a carefully s e l ected  
cl e a n i n g  material, frequent washing tends to make skin more 
v u l n e r a b l e  to p e n e t ration by pesticides. For that reason, a 
c r e a m  to c o u n t e r a c t  defatting of the skin should be available. 
Mirr o r s  should be located over washbasins to facilitate washing 
the face and neck. The face can absorb parathion, for example, 
at three times the rate of the hands [20]. A study of body 
surf a c e  exposures to carbaryl a m o n g  formulation workers showed 
that the face and neck receive an exposure at least as great as
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that of the hands [ 18 ].
Showering can be somewhat effective in removing p e sticide 
residues from the body surface. Sansone et al [ 307 ] con d u c t e d  a 
s i m u l a t i o n  study to assess the effectiveness of various work 
pr a c t i c e s  in co n t r o l l i n g  exposure in materials handling  
operations. Sho w e r i n g  with soap and water removed a su b s t a n t i a l  
amount of skin contamination, leaving some residue on the face. 
Residues in the towels indicated some r e m o v a l  dur i n g  toweling of 
the body. To a c c o m m o d a t e  worker showering, pesticide plants 
should be equipped with locker and shower rooms laid out so that 
workers exit from dirty to c lean areas. Workers at Life Science 
Products failed to shower at the end of the workshift, 
a ggravating their exposure to Kepone and other materials. Their 
shower facil i t i e s  were uncom f o r t a b l e  to use, so the workers 
avoided showering there after work, and 76 of the 113 workers 
c o n t r a c t e d  dermatitis [84]. Showers should be located in a 
s h e l t e r e d  area with a disrobing room on one side for removing 
c o n t a m i n a t e d  work clothing and with a separate, clean d r e s s i n g  
roo m  cn the other side so that clean workers do not r e c o n t a m i n a t e  
t h e m s e l v e s  or their street clothing.
Materials that contact the body should be kept as 
s cru p u l o u s l y  clean as th e  body itself. This practice is best 
per f o r m e d  by keeping all m a terials and a c tivities involving 
eating, drinking, or smoking out of pesticide handling areas. 
Both lunchroom and smoking areas should be sep a r a t e d — loca t e d  in 
another building, if p o s s i b l e - - f r o m  pesticide m a n u f a c t u r i n g  and 
f ormulating operations. OSHA has cited at least one pesticide
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m a n u f a c t u r e r  for allowing employees to eat in a pesticide 
p r o d u c t i o n  area. C i g a r e t t e s  and other forms of tobacco, food, 
cough drops, chew i n g  gum, or drink should not be carr i e d  by 
workers to their job locations. Clean areas to store such 
m a t e r i a l s  away from p e sticide produ c t i o n  should be available. 
Food and b e v erage utensils or containers should never be used in 
p e s t i c i d e  handling. This p r a c t i c e  was not followed by a company 
which allowed a packing shed to be used as a rest/break area. An 
e m p l o y e e  who m i s t o o k  aldicarb granules in the shed for coffee 
c r e a m e r  was poisoned by his c o n t a m i n a t e d  coffee [74].
E m ergency P r o c e d u r e s
Sudden, u n e x p e c t e d  c alamities within pesticide
m a n u f a c t u r i n g  and formulating operations can greatly i n c r e a s e  
ex p osure risks. When fires, explosions, c o l l i s i o n s  and other 
accidents, or n a t u r a l  forces such as floods, storms, and 
earthquakes, damage pesticide equipment or containers, the two 
i mm e d i a t e  problems are p r otectinq workers from e x p o s u r e  and 
treat.inq workers who have been exposed. T h e s e  problems are 
usually aggravated in e mergencies because of the gross amou n t s  of 
pes t i c i d e  that can e s c a p e  and the limited amount of time in which 
to deal with them.
In a fire that occurred in a pesticide packaging plant in 
Tu l a r e  County, C a l i f o r n i a  [3)5], firemen and local residents were 
t h r e a t e n e d  with p e s ticide exposure. The fire d e stroyed 
containers, rel e a s i n g  large q u a n t i t i e s  of pesticide chemicals.
Another incident i n v olved the wreck of a tank truck
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c o n t a i n i n g  1 , 3-dichloropropene. The spilled liquid released 
large amounts of vapor which o v e r e xposed 11 firemen on the scene 
[74].
The impor t a n c e  of time was d e m o n strated in one fatality due 
to pesticide poisoning. After accid e n t a l  i n g e s t i o n  of an unknown 
liquid formulation, no a n t idote could be a d m i n i s t e r e d  b e c a u s e  the 
p e s t i c i d e  was not immediately identifiable [329]. Blood ChE 
tests were normal, so a c e t y l c h o l i n e s t e r a s e  (AChE) inhibition was 
not s u s p e c t e d  as the m e c h a n i s m  of intoxication. However, it was 
later d e t e r m i n e d  that the chemical was a carbamate insecticide 
w h i c h  depresses AChE activity, and which has a reversible effect 
on blood ChE. A more timely i n d e n t i f i c a t i o n  of the p e sticide 
would have i n d i c a t e d  the proper treatment and possibly prevented 
t h i s  death.
Many times, lack of prompt action or incorrect treatment 
will increase the s e r i o u s n e s s  of an exposure. In OP poisonings, 
the errors most often made have included: failure to recognize
the potential s eriousness of a poisoning and consequent failure  
to keep the victim under close o b s e r v a t i o n  for at least 24 hours, 
fa i l u r e  to id ent ify ac c u r a t e l y  the chemical to w h i c h  the patient 
was exposed, failure to decontaminate the victim's skin 
adequately, failure to give adequate amou n t s  of a t r opine and/or 
pr a l i d o x i m e  c h l oride (2-PAM) when indicated, and failure to 
c a r r y  out a c o n f i r m i n g  b lood ChE d e t e r m i n a t i o n  [329 ].
In any e m e r q e n c y  situation, a varninq system is n e c e s s a r y  
to inform employees of hazardous work conditions. Warninq 
s yst e m s  include fire alarms, devices to detect excessive a i r borne
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contamination. devices on equipir ent to warn of hazardous
t emper a t u r e  and pressure extremes, and alarms to warn em p l o y e e s
of dangerous spills. Each empio yee s hould be trai n e d  to
re c o g n i z e  alarms and to know what to do when a warning is
s o u n d e d .
Protecti ve e q u i p m e n t  for use in e s c aping from hazardous
areas should be located inside areas where emergencies may occur 
and should be c o nvenient to e m p l o y e e s  who may have to use it. 
Escape equipment should include a respirator, ideally with 
f u l l - f a c e  protection- Th e  respirator must p r o v i d e  workers with 
a d e q u a t e  oxygen so they will not lose c o n s c i o u s n e s s  or breathe 
haz a r d o u s  fumes before they can get out of the area. Face 
p r o t e c t i o n  is necessary to avoid eye irritation, so workers car. 
see to qet out of the area. Escape equipment is i n t ended for 
escape use only; it is not adequate for e x t e n d e d  protection or 
r e s c u e  work. Only d esiqnated workers should be allowed to remain 
in or to reenter hazardous areas for purposes of shutting dowr 
e q uipment, for c o n t a i n i n g  or cleaninq up spills or, rrost 
importantly, for rescuing workers who may still be inside. For 
t h e s e  situations, rescue equipment should be ava i l a b l e  that 
pr o v i d e s  more complete p r otection than e s c a p e  equipment. Full 
body covering and a i r - s u p p l i e d  respiratory protective devices 
sh o u l d  be used. Prote c t i v e  body c o v e r i n q  must be car e f u l l y  
selected. A firefiqhter was o verexposed to methyl bromide even 
th o u q h  he wore a respirator and complete protective clothing. 
The fumigant was able to p e n e t r a t e  the asbestos fabric in his 
prot e c t i v e  suit [74]. In another incident, the need for a
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self-co n t a i n e d  breathing apparatus was demonstrated in ar 
incident of fire involving methomyl. Heat from the fire caused 
large amounts of the toxic car b a m a t e  pe s t i c i d e  to vaporize. 
Fireiren not wearing the apparatus were poisoned [74].
As mentioned earlier, many dermal and eye exposures can 
occur in pesticide m a n u f a c t u r e  and formulation- Because of this, 
showers and ey e w a s h e s  are nec e s s a r y  in areas where these 
e x p o s u r e s  might occur. Emergency f a c i l i t i e s  should te 
con v e n i e n t l y  located so that they may be quickly and easily 
reached. Pathways to eyewashes should be kept clear of any 
hazards or o b s t r u c t i o n s  to a blinded worker. For example, a pair 
of rubber gloves were observed lying in an eyewash fountain  
during a NIOSH site visit [8(p 92)]. These facilities also need 
to be checked frequently to make sure that pipes are not frozen 
or clogged and that there is no pesticide c o n t a m i n a t i o n  which 
could worsen exposure.
There should be at least one person trained in first aid 
present during each shift. This person can take care of injured 
em p l o y e e s  until help arrives or until the e m p loyee can be taken 
to a doctor. Only trained per s o n n e l  sh o u l d  use r e s u scitation 
equ i p m e n t  or give antidotes.
Although fires, explosions, leaks, and spills are the
most frequent types of emergency situations, other t ypes of 
emergencies are possible. E a r t h q u a k e s  are a very real danger in 
California. One c o m p a n y ' s  safety manual [ 330] gives specific  
instructions on what to do in the event of an earthquake. Power 
failures could be dangerous if they cause equipment to shut down
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suddenly. Also, the p o s s i bility of a natural disaster such as a 
tornado, hurricane, or flood may exist. C o mpanies should 
c onsider the vari o u s  risks a ssociated with their geographic area 
and climate, and plan for e m e r g e n c i e s  accordingly.
M a i n t e n a n c e
Equipment failures in pesticide m a n u f a c t u r i n g  or 
f o r m u l a t i n g  plants frequently cause pes t i c i d e  emissions. If 
e m p l o y e e s  are in the vicinity of the equipment when it fails or 
if they must enter the c o n t a m i n a t e d  area to repair the faulty 
equi p m e n t ,  the e m i s s i o n s  c a n  result in exposures. During 1975,
C a l i f o r n i a  reported that pesticide e x p o s u r e s  due to equ i p m e n t  
f a i l u r e  were s e c o n d  only to exposures caused durinq the t r a n s f e r  
of mat e r i a l s  [29]. The number of o c c u r r e n c e s  of this type of 
e x p o s u r e  can be reduced by decreasinq the number of e q u i p m e n t
failures t h r o u q h  an e f f e c t i v e  i n s p e c t i o n  and m a i n t e n a n c e  proq r a m  
[29].
The i m p o r t a n c e  of inspe c t i o n  in pes t i c i d e  m a n u f a c t u r i n g  and 
formul a t i n g  plants is t y p i f i e d  by the following example. An
e m p loyee was .exposed to mev i n p h o s  when it spil l e d  on his face and 
eye s  from a rusted can which had developed a leak. The author 
n o t e d  that if the comp a n y  and the employee had kept a care f u l  
watch on the c o n d i t i o n  of the cont a i n e r s  this incident might not 
h av e  occurred [29]. Several pesticide manufa c t u r e r s  and 
formulators hav e  r e cognized the importance of t h i s  by inc l u d i n g  
i n s p e c t i o n  proce d u r e s  in their oper a t i o n s  or safety m a n u a l s  
[331].
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The i n s p e c t i o n  of process equipment and control equ i p m e n t  
such as v e n t i l a t i o n  syst e m s  can be very important. In plants 
where total contai n m e n t  is used as an e n q i n eerinq cont r o l  so that 
e m p l o y e e s  need not habitually wear personal p r otective equipment, 
the failure of process equipment or the v e n t i l a t i o n  s y s t e m  can 
s e r i o u s l y  increase the probable o c c u r r e n c e  of exposures.  
Frequently, e q u ipment which is near failure or is in dis r e p a i r  
will not perf o r m  its f u n ction in the normal manner. Regular 
i n s p e c t i o n s  can detect abnormal conditions so that m a i n t e n a n c e  
can then be performed.
C ar e f u l l y  kept records of inspections and m a i n t e n a n c e  (both 
p r e v e n t i v e  and reqular) can assist plant manaq e m e n t  in two ways. 
R e c o r d s  of e q u i p m e n t  installation, maintenance, and failure can 
assist plant m a n a q e m e n t  in settinq up i n s p e c t i o n  and p r eventive 
m a i n t e n a n c e  schedules. If equ i p m e n t  is inspected, replaced, or 
r e p a i r e d  before failure is likely, the risk of e x p o s u r e s  
oc c urrinq can be reduced. The company can benefit from a 
s c h e d u l e  of prev e n t i v e  mainte n a n c e  thro u q h  reduced downtime. 
Preve n t i v e  m a i n t e n a n c e  c a n  be scheduled for many pieces of 
e q u i p m e n t  at one time. Records of equipment fail u r e  can be used 
by plant m anaqement to m a k e  decisions about which types or brands 
of equipment operate safely for the longest time.
Operating or safety m a n u a l s  of pesticide m a n u f a c t u r i n q  and 
f o r m u lating c o m p a n i e s  often c o n t a i n  p rocedures for p erforming 
m a i n t e n a n c e  [331], i n cluding procedures for precleaning, "lock 
o ut," and the "buddy" system. Numerous e x a m p l e s  where proper 
p r o c e d u r e s  were not f o l lowed and resulted in exposures are
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reported in the literature [29,113,297].
Maddy and Topper [29] s u ggested that m e c h a n i c a l  c l e a n i n g  te 
u sed whenever p o s s i b l e  before m a i n t e n a n c e  work is p e rformed on 
equ i p m e n t  that is c o n t a m i n a t e d  with a pesticide chemical. 
Several of the e x p osure incidents described in his report could 
have been prevented if this p r a c t i c e  were followed. However, the 
m a i n t e n a n c e  w o r k e r s  should be warned that eve n  though the 
e q u ipment is p r e c l e a n e d  it may s till be contaminated. 
Mainte n a n c e  workers should be trained to r e c ognize p o t ential  
e x p o s u r e s  beca u s e  they have to work in many areas w h e r e  the 
p r o b a b i l i t y  of e x p o s u r e  is high.
"Lock out" p r ocedures can vary from plant to plant b e c a u s e  
of differences in equipment. However, some points are appli c a b l e  
to all "lock out" procedures, including power shutoff, m a t e r i a l  
flow shutoff, and the wearing of the proper p e r s o n a l  p r o t e c t i v e  
equ i p m e n t  for the m a i n t e n a n c e  ope r a t i o n  being performed. Power 
s h u t o f f  generally includes relief of internal pressure as well as 
e l e c t r i c a l  and mechanical power shutoff. Maintenance safety 
m a n u a l s  generally include procedures for locking the power off 
and posting signs to indicate that power should not be turned 
back on until the m a i n t e n a n c e  is completed. Material flow 
shutoff is similar to power shutoff. P r o c e d u r e s  should include 
locking valves in a closed position, installing blinds (plugs) in 
the Fipe, or removing a s e c t i o n  of pipe to prevent p e s t i c i d e s  
from entering equipment. When p recleaning p r ocedures cannot he 
used, personal protective equipment must be worn when p e r f o r m i n g  
m a i n t e n a n c e  tasks to prevent exposures from occurring. The
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r e q uired equ i p m e n t  should be specified in the opera t i o n s  or 
safety manual.
When p e rforminq m a i n t e n a n c e  that requires a worker to enter 
a piece of equipment, the buddy and permit systems will help 
protect the worker from accidental exposure. The buddy systeir 
r e q uires that a second e m p l o y e e  be in visual and voice c o n t a c t  
w ith the e m p l o y e e  who ente r e d  the piece of equipment under 
repair. This contact is m a i n t a i n e d  throuqhout the m a i n t e n a n c e  
process. The e m p l o y e e s  are also usually connected by a lifeline 
so that the employee who is in s i d e  the equipment can be pulled
out if he i s  inju r e d  or poisoned. The permit system r e q u i r e s
that the worker obtain a permit from a super v i s o r  who, in turn, 
is responsible for e n s u r i n q  that certain precautions have been 
taken before the permit is issued.
Support of Work Practices
Recommended work practices for m a t e r i a l s  h a n d l i n g  
procedures, housekeeping, personal hygiene, tank entry
procedures, and use of personal p r otective equipment can
s u c c e ssfully prevent worker exposure to p e s t i c i d a l  chemicals only
if accepted and con t i n u o u s l y  observed by the worker. Employers  
can encouraqe worker a c c e p t a n c e  of work p r a c t i c e  c o n t r o l s  by 
inforrrinq workers about the risks a s s o c i a t e d  with their 
o c c u p a t i o n s  and by s u p p o r t i n g  the work p r a c t i c e  controls t h r o u g h  
proper s u p e r vision and ut i l i z a t i o n  of a d m i n i s t r a t i v e  controls.
(a) Posting and Labeling
R ecognition of danger is a s i g n i f i c a n t  factor in the
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p r e v e n t i o n  of injury or illness [29]. One of the findings of the 
NIOSH National Occ u p a t i o n a l  Hazard Survey (NOHS) is that nrost 
w o r k e r s  are unaware of the hazards of their jobs [332]. The 
survey cites the w i d e s p r e a d  use of trade name products and the 
lack of a uniform labeling sys t e m  as reasons why it is difficult 
for workers . to know the chemical hazards to which they are 
exposed. Obviously, treatment of a poison victim is very 
di f ficult unless the chemical compos i t i o n  of the poison is known.
Blodgett and Musgrove [84], in su m m a r i z i n g  hearings on 
Kepone co n t a m i n a t i o n ,  stated that an e p i d e m i o l o g i s t  who s u r v e y e d  
the Kepone facilities found no informational signs or posters to 
i n d i c a t e  that Kepone was hazardous.
I n f o r m a t i o n  about hazards, even though covered in a 
t r a i n i n g  program, should be av a i l a b l e  in the workplace as a 
r e m inder and reference for trained workers, and as a warning to 
o t h e r s  who ma y  inadv e r t e n t l y  enter a hazardous area. labels 
sho u l d  be applied to process equipment, and signs, should be 
posted at points of access to hazardous operations.
EPA e n f orces requirements for labeling that are auth o r i z e d  
under the Federal Insecticide, Fungicide, and E o d e n t i c i d e  Act 
(FIFBA) and under the Federal E n v i r o n m e n t a l  Pesticide Cont r o l  Act 
(FEPCA). These laws require labeling of all containers of 
p e s t i c i d e s  that are comm e r c i a l l y  sold. Product lab e l s  must 
c o n t a i n  the common an d  chemical names, signal words if required, 
such as danger, warning, and caution, and first-aid p r o c e d u r e s  in 
c a s e  cf an accident. EPA does not require that labels be a f f i x e d  
to process e q u i p m e n t  or to containers other than those in which
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p e s t i c i d e s  are distributed for sale. In addition, the labels 
r e q u i r e d  by EPA do not include information concerning safe work 
pra c t i c e s  and use cf p r otective equipment. Product label 
r e q u i r e m e n t s  are based on toxicity of the final product. Sorre 
a c t i v e  ingredients, ir. con c e n t r a t e d  form, m a y  be more toxic than 
the label indicates. Thus, t here are seve r a l  s i t u a t i o n s  in the 
w o rkplace where product labels do not provide s u fficient 
in f o r m a t i o n  to assure protection froir overexposure.
In a pesticide m a n u f a c t u r i n g  or formul a t i n g  plant, a n y t h i n g  
that contains a pesticidal c h e m i c a l — including drums, bags, and 
p r o c e s s i n q  equipment —  should be labeled to i n d icate contents and 
hazards. Signs sh o u l d  be posted to aid workers in d e t e r m i n i n g  
what type of respirator and other protective equipment to use. 
Siqns should also indicate what to do in the event of an 
e m e r g e n c y  or spill. Some of the labeling practices o b s e r v e d  
during site visits [ 8 ( p p  58,98) ] to pesticide plants include
content and hazard labels on product containers, c o n t e n t  and 
pr e ssure labels on reaction vessels to prevent premature o p e n i n g  
of a pressurized tank, c o l o r - c o d e d  pipes, and directional flow 
labels on pipes. O ther signs observed on site visits [8(pp 
5,38,91) ] include "No Smokinq" siqns and rem i n d e r s  to wash hands 
^nd observe other personal hyqiene requirements.
Posting various safety and health w a r ninqs in c o n s p i c u o u s  
areas within the plant informs workers of hazardous operations. 
Posters or s i q n s  should be used to warn workers about protective 
equipment required for entry to and limited access of restr i c t e d  
areas, to identify eme r g e n c y  equipment and exits, and to specify
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p r o c e d u r e s  for o p e r a t i o n s  such as ma i n t e n a n c e  or repair of 
process equipment. When m a i n t e n a n c e  is in proqress and the 
pot e n t i a l  for exposure increases, siqns sh o u l d  be posted to 
i n f o r m  workers that such o p e r a t i o n s  are taking place.
Generally, labels and signs support other recommended work 
pra c t i c e s  by i d e n t i f y i n g  areas where those p r a c t i c e s  are r e q uired 
and by warning of s p e c i f i c  hazards a s s o c i a t e d  with p e sticide 
products.
(b) Training
The r e c o g n i t i o n  of danger is espec i a l l y  difficult when 
there are no immediate a c u t e  effects. Without special t r a i n i n g  
r e g arding the chronic effects of workplace chemicals, the m e t h o d s 
to avcid exposure, and the s y m p t o m s  of exposure, workers ma y 
b e c o m e  c h r o n ically o v e r e x p o s e d  to p e s t i c i d a l  chemicals. The 
f ol l o w i n g  c a s e s  demonstrate instances in which workers' lack of 
a w a r e n e s s  of toxic effe c t s  of the c h e m i c a l s  they handled 
c o n t r i b u t e d  to their overexposure.
Hine [112] r e p o r t e d  that 9 of 10 w o r k e r s  o v e r e x p o s e d  to 
m e t h y l  bromide were not i n f ormed of the hazard of that fumigant. 
Fou r  of these o v e r e x p o s u r e s  r e s ulted in fatalities. In an 
incident reported by Vale and Scott [37], a woman suffered se v e r e  
p o i s o n i n g  and n e uroloqic damaqe while e m p l o y e d  in a plant 
f o r m u l a t i n g  a p r e p a r a t i o n  of demeton-S-methyl, an OP insecticide. 
The woman was never t old in any detail of the possible e f f e c t s  of 
e x p o s u r e  to the products with which she was working. She had, 
for example, never realized that the abd o m i n a l  cramps she had 
o c c a s i o n a l l y  experi e n c e d  were probably due to the
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demetcn-S-methyl exposure, or that pinpoint pupils were another 
sign cf exposure.
Training is an i m portant component of any program to reduce 
wo r k e r  e x p o s u r e  to haz a r d o u s  c h e micals or p h y sical agents. The 
O ccupational Safety and Health Act r e q uires employers to provide 
t heir e m ployees with training that will enable the m  to u n derstand 
the nature of hazards to which they are exposed and eff e c t i v e  
m eth o d s  to protect themselves. T r a ining for s upervisors should 
also include detailed inform a t i o n  on e m e r g e n c y  procedures. A 
National Research Council (NRC) study [333] on i n forming workers 
a bout cancer and other o c c u p a t i o n a l  i l l nesses suggested that 
w o r k e r s  be given a b r o a d  under s t a n d i n g  of the hazards a s s o c i a t e d  
with their occupation. The study r e c o m m e n d e d  that t r a i n i n g  
include substance identification, l o c a t i o n  in the workplace, 
r o u t e s  of exposure, m e a s u r e s  to reduce exposure, signs and 
s y m ptoms of ove r e x p o s u r e  and health c o n s e q u e n c e s  (even when 
e x t r a p o l a t e d  from animal d a t a ) , proper use and m a i n t e n a n c e  of 
personal p rotective equipment, e m e r g e n c y  procedures, and first 
aid. The last three items are particularly important.
Personal protective equipment is not effective if used 
improperly. A worker using an air-purifying respirator in an 
environment where the concentration of the contaminant exceeds 
the capacity of the respirator's filtering medium is not 
protected from overexposure. Similarly, a worker wearing a 
respirator that fits poorly is not adequately protected. Failure 
to wear personal protective equipment in areas where exposure is 
possible is a frequent occurrence when workers do not fully
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u n d e r s t a n d  the serious nature of the hazard involved.
The t r a i n i n g  program should describe the role of each work 
p r a c t i c e  in r e d u c i n g  potential exposure. The need for and value 
of each work p r a ctice sh o u l d  be clearly unde r s t o o d  by the worker. 
The eirployee who is able to recognize the hazard and knows the 
m e a n s  to cont r o l  it is better equipped to prot e c t  himself from 
exposure. If the employee recognizes symptoms of exposure, he or 
she can request medical a t tention sooner. D e t e c t i o n  of the odor 
of a pesticide b eing handled while wearing a respirator should be 
r e c o g n i z e d  by the worker as a warning that the respirator is not 
functioning properly.
In summary, the training r e q u i rements are intended to 
r e i nforce the other work p r actices by enabling the worker to 
u n d e r s t a n d  the nature of the hazards associated with pesticidal 
c h e micals and how to avoid overexposure. Worker accep t a n c e  of 
recomirended work practices as well as an u n d e r s t a n d i n g  of and the 
ability to avoid c h r o n i c  health hazards can be improved t h r o u g h 
t r a i n i n g .
(c) S u p e r v i s i o n
I n adequate s u p e r v i s i o n  was des c r i b e d  as a cause of 
o v e r e x p o s u r e  in a case in which a man was mixinq 
2 , 4 - d i c h l o r o - 6 - ( o - c h l o r o a n i l i n o ) - s - t r i a z i n e  in a tank when he 
began to n o t i c e  itching and burning of his face and hands. A 
phy s i c i a n  gave him local and systemic steroids for treatment of 
his rash. He had been provided with prote c t i v e  c l o thing tut 
might not have used it at all times. In addition, some of the 
c o n t a i n e r s  were not l a b e l e d  to require the use of protective
287
equipirent [297],
An employee cleaning a pump used in mev i n p h o s  p roductior at 
a formul a t i o n  plant was o v e r e x p o s e d  as the result of not wearing 
recoiriTended safety equipment. He reported to a physician with
sy m ptoms that included miosis, ex c e s s i v e  salivation, and 
e x c e s s i v e  perspiration. He was hospitalized. His employer was 
issued a notice of vio l a t i o n  for lack of adequate s u p e r v i s i o n  of 
e m p l o y e e s  [297].
In adequate s u p e r v i s i o n  was indicated as a causal factor in 
som e  of the accid e n t a l  overex p o s u r e s  to pest i c i d e s  d i scussed 
earlier. The rel a t i o n s h i p  between s u p e r v i s i o n  and the 
i m p l e m e n t a t i o n  of good work practices is evident in rrost
i n d u s t r i a l  situations. The potential is always present for 
p r o d u c t i o n  r e q u i r e m e n t s  to c o n f l i c t  with work procedures d e s igned 
to prevent injury or illness. To protect workers' health in a
p e s t i c i d e  plant, it is essential for su p e r v i s o r y  personnel to be 
c o g n i z a n t  of the potential risks that occur to workers when 
proper work practices are not followed. S upervisors should be 
present to a s s u r e  that proper procedures are followed during
start-up, loading and unloading, and during tank entry 
operations. su p e r v i s o r s  should also be prepared to direct other 
workers during emergency situations. Occa s i o n a l  checks should be 
mad e  to be certain that personal protective equipment and 
p r o t e c t i v e  c l o t h i n g  are properly worn. Su p e r v i s o r s  should also 
kno w  and watch for siqns of o v e r e x p o s u r e  to p e sticides and should 
re c o m m e n d  m e d i c a l  a t t e n t i o n  for workers who exhibit siqns cf 
overexposure. One positive strategy for con c e r n e d  m a n a g e m e n t
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w ould be to rate superv i s o r y  personnel on u n d e r s t a n d i n g  and 
impleirenting safe and healthful work p r a ctices in addition to 
noriral factors such as productivity and economy of operation.
(d) A d m i n i s t r a t i v e  Controls
Adminis t r a t i v e  controls are actions t a k e n  by the e m p l o y e r  
to schedule opera t i o n s  and work assignments in a way that 
m i n i m i z e s  the extent, severity, and variety of p o tential
exposure. For example, only n e cessary p e r sonnel should be 
p e r m i t t e d  to work in a reas where there is a high risk of
exposure. The d u r a t i o n  of exposure may also be reduced ty
rotat i n g  e m p l o y e e s  between assign m e n t s  that involve exposure and 
those that do not. Minim i z i n g  the number of different p esticides 
that an individual worker is exposed to is also desirable. This 
p r a c t i c e  would make it easier to moni t o r  effects and, more 
importantly, would avoid possi b l e  s y n e r g i s t i c  effects that may 
result when expos u r e  to several different chemicals occurs.
There are four a c tivities that can support work practices: 
labeling and posting, training, supervision, and a d m i nistrative 
contols. T h e  e m p h a s i s  in t r a i n i n g  should be on developing good 
work practices to prevent emergencies, accidents, injuries, and 
overexposures. The e d u c a tional process should be r e i n f o r c e d  
t h r o u g h  labeling and posting that identifies hazards and repeats  
i n f o r m a t i o n  c o n c e r n i n g  proper procedures. Labels and signs alsc 
s e r v e  as w a r nings to u n i n f o r m e d  individuals in the plant. 
S u p e r v i s i o n  is an e s s e n t i a l  element in the proper impleme n t a t i o n  
of good work p r a c t i c e s  as well as a resource for dealing with 
e m e r g e n c y  situ a t i o n s  or for o b s e r v i n g  signs of o v e r e x p o s u r e  in
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workers, Finally, adminis t r a t i v e  control is an additional method 
of minimizing worker e x p osure through a l location of work
assignments and in c o n j u n c t i o n  with other recommended work 
p r a c t i c e s .
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The use of p e s t i c i d e s  is based on their ability to 
i n t e r f e r e  with basic biochemical processes of living cells and 
t h e r e b y  kill the cells or leave them m e t a b o l i c a l l y  altered. 
Numer o u s  e x a m p l e s  of a d v e r s e  effects of all classes of pesticides 
on individual humans, on worker populations, and on animal test 
s yst e m s  are detailed in Chap t e r  III. P e s t i c i d e s  have caused 
dive r s e  toxic effects on various human organs, including the 
skin, kidneys, eyes, lungs, and r e p r o d u c t i v e  system. C e r t a i n  
p e s t i c i d e s  including inorganic arsenic compounds, cert a i n 
h e x a v a l e n t  c h r o m i u m  compounds, acrylonitrile, amitrole, benzene, 
and creosote are p r o b a b l e  o c c u p a t i o n a l  c a r c i n o g e n s  based on data 
deri v e d  from human e p i d e m i o l o g i c  stud i e s  and animal tests. In 
addition, other pest i c i d e s  are sus p e c t e d  occu p a t i o n a l
c arcinogens, b ased on data deri v e d  from animal experiments. 
Vari o u s  p e sticides have produced s i g n i ficant teratogenic,
neurotoxic, or r e p r o d u c t i v e  effects in animal test systems.
E ach year in the United States, o c c u p a t i o n a l  e x p osure to
p e s t i c i d e s  is d i r e c t l y  r esponsible for m any illnesses and 
injuries. I n  C a lifornia alone, during 1975 and 1976, there were
96 reported cases of o c c u p a t i o n a l  illnesses resulting froir
expos u r e  to p e s t i c i d e s  in m a n u f a c t u r i n g  and formulating plants
[29,297]. Of these, 63 were systemic, 14 i n v o l v e d  skin injuries,
VI. DEVELOPMENT OF THE STANDARD
Need for the Standard
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17 involved eye injuries, and 2 involved both the skin and the 
eyes. The c ases were the result of exposure to a wide variety of 
p e s t i c i d e s  inc l u d i n g  mevinphos, captan, diazinon, methomyl, 
e t h y l e n e  dibromide, sulfur, methyl bromide, and c h l o r o t h a l o n i l .
NIOSH site visits to pesticide m a n u f a c t u r i n g  and f ormulating  
p l a n t s  ind i c a t e d  the need for better control. For example, many 
plants lacked the c a pability for medical or industrial hygiene 
surveillance; e m ployees were often ignorant of the hazards 
present in their workplace. Skin and r e s p i ratory e x posures to 
pesticides, such as prometon during fo r m u l a t i o n  [ 8 (p 14) ] and 
a rse n i c  com p o u n d s  during production, were observed [8(p 90) ]. In 
addition, the two recent incidents of severe neurotoxic effects 
in workers e x p o s e d  to Kepone and l e p t o p h o s  and of r e p r o ductive  
d i s o r d e r s  in workers exposed to DBCP e m phasize the po t e n t i a l  
danger to all work e r s  e n g a g e d  in the m a n u f a c t u r e  and fo r m u l a t i o n  
of pesticides.
R e l a t i o n s h i p  to Other Standards
Authority to regulate hazards arising from the manufacture,  
f ormulation, distribution, and use of p e sticides resides with 
several Federal agencies an d  the states. The O c c u p a t i o n a l  Safety 
and Health A d m i n i s t r a t i o n  (OSHA) has a u t h o r i t y  for regul a t i n g  
e m p l o y e e  exp o s u r e s  arising from pesticides and other c h e m i c a l s  in 
m a n u f a c t u r i n g  and fo r m u l a t i n g  plants. States are g e nerally  
r e s p o n s i b l e  for r e g u l a t i n g  the o c c u p ational health of farir 
w o r k e r s  and ap p l i c a t o r s  within the framework of EPA programs.
R e s p o n s i b i l i t y  for ad m i n i s t r a t i o n  of the Federal
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Insecticide, Fungicide, and R odenticide Act (FIFRA) was 
tr a n s ferred to EPA in 1970. FIFRA requires the labeling and
r e g i s t r a t i o n  of p e sticides in interstate commerce and the
e s t a b l i s h m e n t  of tole r a n c e s  for p e s t i c i d e  residues in food
products. The Federal E n v i r o n m e n t a l  P e sticide Control Act 
(FEPCA) of 1972 extended the r e q u irements of FIFRA to all 
pesticides, including those f o r m u l a t e d  and sold within a single 
state, and contains r e q u i rements for e s t a b l i s h i n q  a proqrair to 
cert i f y  pesticide a p p l i c a t o r s  for certain r e s t r i c t e d  pesticides. 
Pursuant to FEPCA, EPA has e s t a b lished a p e s t i c i d e  rereqistratior, 
p r o q r a m  which includes a rebuttable p r e s u mption aqainst 
r e g i s t r a t i o n  (RPAR) process. If data, including carcinogenicity, 
teratogenicity, rep r o d u c t i v e  effects, ecologic effects, etc, 
i n d icate that a p e s ticide may be harmful to man or the 
e nvironment, the A d m i n i s t r a t o r  of EPA presumes that the pesticide 
cau s e s  certain effects, and the m a n u f a c t u r e r  has op p o r t u n i t y  to 
rebut that presumption.
Other Fede r a l  agenc i e s  having r e s p o n s i b i l i t i e s  with respect 
to pesticides include the Department of T r a n s p o r t a t i o n  (DOT), the 
Federal Trade C o m m i s s i o n  (FTC), the Food and Drug Adminis t r a t i o n  
(FDA), an d  the Federal Aviation Ad m i n i s t r a t i o n  (FAA). DOT, under 
r e q u i r e m e n t s  of the Hazardous Materials T r a n s p o r t a t i o n  Act, 
imposes labelinq and t r a n s p o r t a t i o n  r e s t rictions on p e sticides 
t h a t  are "Class A and B Poisons" (see Table XIV-17). The Federal 
Aviation Act s p e cifies controls in aerial appl i c a t i o n s  of 
pesticides. Under this Act, FAA requires c e r t i f i c a t i o n  of 
aircraft ope r a t o r s  before they are permitted to spray. FTC has
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proposed a r e g u l a t i o n  to prohi b i t  pesticide a d v e rtisements that 
c laim the product is s afer than the label indicates. FDA 
e n f orces food t o l e r a n c e s  set by the EPA. In summary, the
r e g u l a t o r y  juris d i c t i o n s  of agencies other than OSHA include
p es t i c i d e  labeling, registration, sett i n g  and e n f orcing 
t o l e r a n c e s  in food products, c e r t i f i c a t i o n  and control of 
exposure of applicators, setting field reentry sta n d a r d s  for 
farmworkers, transportation, and advertising.
Under the O c c u p a t i o n a l  Safety and Health Act of 197 0, 
states may elect to have their own occu p a t i o n a l  safety and health 
p r o grams for regulation, provided they meet Federal approval. 
C a l i f o r n i a  has rather c o m p rehensive s t a n d a r d s  covering pe s t i c i d e  
ap p l i cation, including s p e cific rules for fumigation. Medical  
surveillance, including ChE testing, is r e q uired for mixers, 
forirulators, loaders, qround and aerial applicators, and f l a g g e r s
in the agr i c u l t u r a l  use of pesticides. C alifornia also r e q uires
p h y s i c i a n s  who treat cases of occu p a t i o n a l  illness or injury to 
report the cases to the state, which may then i n v e s t i g a t e  the 
c a s e s  in greater detail. However, the state's r egulations which 
re l a t e  to workers in p e s t i c i d e  m a n u f a c t u r i n g  and formul a t i n g  
p l a n t s  are simi l a r  to those in 29 CFF 191} as enforced by OSHA.
OSHA has promulgated general req u i r e m e n t s  that apply to all 
i n d u s t r i e s  and o c c u p ational exposure limits that apply to certain  
p e s t i c i d e s  (see Appendix I I I ) . The qeneral standards cover 
indus t r y  in general and are not directed s p e c i f i c a l l y  towa r d s  
pe s t i c i d e  production. Pra c t i c e s  such as use of p e r s o n a l  
p r o t e c t i v e  equipment, sanitation, and fire protection are
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c o n t a i n e d  in the general standards. Exposure limits, d e veloped  
by the American C o n f e r e n c e  of Gov e r n m e n t a l  Industrial H y g i e n i s t s  
(ACGIH), in terms of 8-hour t i m e - w e i g h t e d  average a i r b o r n e  
c o n c e n t rations, were adopted by OSHA in 1970 for a number of 
pe s t i c i d e  a c t i v e  i n g r e d i e n t s  (see Appendix I I I ) . OSHA has also 
de v e l o p e d  re g u l a t i o n s  for two ch e m i c a l s  having minor use as 
pesticides: b e n z e n e  and beta propiolactone. NIOSH has d e veloped
various c r i t e r i a  documents and recommended s t a n d a r d s  for liiriting 
e x p o s u r e  to m a t e r i a l s  registered as pesticides (see Appendix IV) . 
These documents include r e c o m m e n d e d  m e d i c a l  surveillance, work 
p ractices, and other elements of a total o c c u p ational health 
s t a n d a r d  for protecting workers.
F o r m  of the S t a ndard
The need for e f f e c t i v e  protection of workers from h a zardous 
e x p o s u r e s  in the m a n u f a c t u r i n g  and f ormulating of p e s t i c i d e s  
r e q u i r e s  a c o m p r e h e n s i v e  standard. A large number of c h e m i c a l  
s u b s t a n c e s  may c ause exposure in a variety of operations.
For a sinqle c h e m i c a l  subst a n c e ,  a s t a n d a r d  which set s  a 
limit on worker expos u r e  in terms of time and c o n c e n t r a t i o n  in 
the workplace air is useful. Such a s t a n d a r d  would be 
par t i c u l a r l y  a p p r o p r i a t e  when exposure to the s u bstance throuqh 
i n h a l a t i o n  is the most siqnif i c a n t  hazard. However, a w o r kplace 
air concentration limit is useful only if the m e t h o d s  and 
f r e q u e n c y  of m o n i t o r i n q  can be specified. The method by which 
p r otection f r o m  a i r borne co n c e n t r a t i o n s  is a c h i e v e d  must a lso be 
part of such a standard an d  should reflect a preference for
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e n g i n e e r i n g  controls over r e spirator use.
The d e r i v a t i o n  of envir o n m e n t a l  (workplace air) limits for 
o ver 1,500 pesticide active ingredients and various inerts, 
additives, intermediates, and s o l vents in pesticide m a n u f a c t u r i n g  
and formulating cannot be a c c o m p l i s h e d  as quickly or e f f e c t i v e l y  
as the design of good work practices and effective e n g i n e e r i n g  
controls. The number of m a terials to be sampled and the 
c o m p l e x i t i e s  of sampling and analysis in m o n i t o r i n g  all the 
p e s t i c i d e s  present would be an almost i n s urmountable task for 
m a n y  forirulators. Exposure to n o n a i rborne pest i c i d e s  as a result 
of splashes, spills, deposits, and handling is not considered in 
the e s t a b l i s h m e n t  of an e n v i r o n m e n t a l  limit. For many pesticides 
d i s c u s s e d  in C h a p t e r  III, p a r t icularly the o r g a n o p h o s p h o s p h o r u s  
(OP) compounds, there are significant s y s temic effects arising 
from exposure by absor p t i o n  through skin and other body surfaces, 
and there are local effects from contact of the chemical with 
skin, mucous membranes, eyes and their s u r r o u n d i n g  structures. 
S ome pesticides, such as d i b r o m o c h l o r o p r o p a n e  (DBCP) , a p p a r e n t l y  
i n d u c e  effects at such a low dose that the t h r e s h o l d  of effect is 
at or near the threshold of det e c t i o n  by a reliable a nalytical 
technique.
For the p roduction processes used in m a n u f a c t u r i n q  and 
formulatinq p esticides, properly enqin e e r e d  equipment provides 
the best control. The processes are predictable, and controls 
c an be planned and in s t a l l e d  to keep pesti c i d e s  in known limited 
locations. The costs and effect i v e n e s s  of e n q i n e e r i n q  c o n t r o l s 
are predictable and lend t hemselves to tec h n i c a l  evaluation. The
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ma j o r  drawbacks to e ngineering controls are that they may liirit 
a c c e s s  to p r ocesses for o b s e r v a t i o n  and control; they requ i r e  
maintenance; and they require a lenqth of time for installation. 
E ngineering controls are desirable as part of a pesticide 
standard, althouqh variations in processinq equipment preclude 
the development of any standard that s p e c i f i e s  the use of 
p a r t i c u l a r  h a r d w a r e  or systems.
When leaks, spills, or e merqencies cause the rele a s e  of 
p e s t i c i d e s  into work e r - o c c u p i e d  areas, work practices must be 
re l i e d  upon for protection. Work practice controls are
n e cessary, e s p e c i a l l y  to c o m p l e m e n t  e n g i n e e r i n g  controls in 
s i t u a t i o n s  where the latter qive incomplete protection from
exposure. Work practice m e a s u r e s  also m i n imize exposure during 
the cleaninq and m a i n t e n a n c e  of en q i n e e r i n q  control equipment. 
T hey are flexible and can be i n itiated in a relat i v e l y  short time 
period. The chief weakness of work p r actices is their reliance
on informing and m o t i v a t i n g  employees to p r o t e c t  themselves. The
vari e t y  of toxic m a t e r i a l s  hand l e d  makes it a d v a n t a g e o u s  to teach 
qeneral work habits that will protect em p l o y e e s  without regard to 
the types of pesticides they handle. However, the training of 
e m ployees, as well as all other work practices, should be attuned 
to the risks present. As discussed in Chapter III, p esticides 
may affect the body through a variety of exposure routes and 
c a u s e  many different types of effe c t s  by a wide range of doses. 
B eca u s e  of their diverse toxic actions, p e sticides are s u bjected 
to different levels of control. Multiple levels of control are 
designed to allow pesticide m a n u f a c t u r e r s  and formulators to
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e x p e n d  r e s o u r c e s  on co n t r o l l i n g  those pest i c i d e s  that pres e n t  the 
greatest risk of adverse toxic effects. The most toxic 
p e s t i c i d e s  require stringent engine e r i n g  and work p r a ctice 
controls. For those pesticides classified as less toxic, such 
strict control may be unnecessary.
Basis for the Re c o m m e n d e d  Standard
(a) Develo p m e n t  of a C l a s s i f i c a t i o n  Scheme 
One of the earliest toxicity c l a s s i f i c a t i o n s  was developed 
by Hedge and Sterner [334], who used the oral LD50 of the 
sub s t a n c e  as the nume r i c  c r i terion for classification. This 
a p p roach was m o d i f i e d  by G l e a s o n  and Hodge [335 ], who e s t a b l i s h e d  
six toxic c a t e g o r i e s  on the basis of oral 1D50 values and 
a s s i g n e d  designations to t h e s e  categories. Pesticides wit h  an 
LD50 less than 5 m g/kg were l a b e l e d  "super toxic," w hile those
with an LD50 grea t e r  than 15,0)0 m g / k g  were labeled "practically
n o n t o x i c "  (see Table XIV-15). This system is most c o m monly used 
to describe the toxicity of a s u b s t a n c e  and was first e m p l o y e d  to 
quide p h ysicians in the treatment of victims of a c c i d e n t a l  
p o i s o n i n g  by ingestion.
With the passage of F IFRA in 1947, t o x i c o l o g i c
c l a s s i f i c a t i o n  schemes assu m e d  a new significance. The
c l a s s i f i c a t i o n  scheme was used to determine the warning words and 
p r e c a u t i o n a r y  s t a tement for the product label.
Until 1970, the US Department of Agriculture (USDA) had the 
res p o n s i b i l i t y  for a d m i n i s t e r i n g  FIFRA, and set up a t o x i c i t y  
c l a s s i f i c a t i o n  scheme to be used in the de s i g n a t i o n  of pest i c i d e s
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r e g arded as "highly toxic to man." Pesticides so designated were 
required to bear the word "Danger" along with the word "Poison" 
and a skull and cross b o n e s  on their labels.
The toxicity c l a s s i f i c a t i o n  scheme developed by USDA 
e m p h a s i z e d  the importance of inhalation and dermal e x posures in 
a d d i t i o n  to oral intakes a n d  set forth criteria for all three 
r outes of exposure.
In D e c ember 197 0, EPA was formed and given j u r i s diction 
over FIFRA. FIFRA was s i g n ificantly extended in Octo b e r  1972 by 
FEPCA. FEPCA intr o d u c e d  t h e  concept of " r e s t r i c t e d  use" and 
"general use" pesticides. P e s t i c i d e s  c l a s s i f i e d  a s  "restricted" 
were to be m a d e  a v a i l a b l e  o n l y  to i n d i v iduals who were c e r t i f i e d  
as ccirpetent in their use, while no such res t r i c t i o n s  were placed 
on users of pesti c i d e s  c l a s s i f i e d  as "general." In July 1975, EPA 
promulgated final r e g u l a t i o n s  (40 CFR 162) imp l e m e n t i n g  
r e g i s tration procedures. A c l a s s i f i c a t i o n  scheire with four 
toxicity c a t e g o r i e s  was i n troduced to control labeling, warning, 
and precautionary statement reguirements. This cl a s s i f i c a t i o n 
scheire was b a s e d  on oral, i n h a l a t i o n a l , and dermal toxicity (see 
T a b l e  XIV-16) .
Pesticides that are intended for h o u sehold or other d o m e s t i c  
a p p l i c a t i o n  are c l a s s i f i e d  as "restricted" if they are in 
t o x icity C a t e g o r i e s  I or II. In making c l a s s i f i c a t i o n  decisions, 
EPA also takes into account whether the p e s t i c i d e  ca u s e s  any 
subchronic, chronic, or delayed toxic effects in man under noriral 
c o n d i t i o n s  of use. A p e s ticide that causes m o r e  than "minor" 
e f f e c t s  is c l a s s i f i e d  as " r e s t r i c t e d . "
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DOT developed a c l a s s i f i c a t i o n  scheme for cherrical 
s ubstances +o effect their safe handling during s h i pment and 
transportation. The scheme co n s i s t e d  of the dosage c r i teria  
below which pesticides were presumed to be toxic to man (see 
T able XIV-17). Gaseous substances that meet any of the c r i teria  
are designated as "Class A Poisons"; solid and liquid substances 
meeting the c r i teria are d e signated as "Class B Poisons." All 
such subst a n c e s  must be labeled and handled with s p e c i a l  
pr e c a u t i o n s  during their shipment.
Some nations and i n t e r n a t i o n a l  o r g a n i z a t i o n s  have also 
dev e l o p e d  c l a s s i f i c a t i o n  schemes. At a World Health O r g a n i z a t i o n  
(WHO) c o n f e r e n c e  in 197 1, a set of criteria based on rat oral 
LD5Q values was proposed for labeling of pesticide f o r m u lations 
(Table X I V - 18). WHO reported that a uthorities in a number of 
European countries have adopted these rules and found them both 
"workable and c onsistent" [336].
In 1975, WHO recomm e n d e d  a scheme to classify pesticides in 
or d e r  to distinguish between the m ore and the less h a z ardous 
forms of each pesticide [ 337 ], An added feature of this 
cl a s s i f i c a t i o n  method was the inclusion of the physical s tate of 
the substance in the criteria. The c l a s s i f i c a t i o n  c r i t e r i a  
included only dermal and oral exposures. However, the WHO report 
did point out that if the criteria are a p p l i e d  to s o l v e n t - b a s e d  
pe sticide formulations, account must be taken of volatility and 
c onsequent i n halation toxicity (see Table XIV-19).
Ulanova [338] r e p orted a system of c l a s s i f i c a t i o n  of 
s u b s t a n c e s  according to the level of toxicity that has been
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a d o p t e d  by o f f i c i a l  a g e n c i e s  of the USSR. The system includes 
four different class levels, based on toxicity by oral, 
in h a lational, and dermal routes (see Tables XIV-20) . Kaloyanova 
[ 339 ] reported a Bu l g a r i a n  c l a s s i f i c a t i o n  scheme, which is 
similar to the R u s s i a n  in format, but w h o s e  values vary (see 
Table X I V - 2 1 ) .
C l a s s i f i c a t i o n  schemes based on chro n i c  effects of 
p e s t i c i d e s  are not presently in wide use. OSHA has proposed a 
system for c l a s s i f y i n g  toxic substances according to evidence of 
c a r c i r o g e n i c i t y . The four-category s y s t e m  inclu d e s  specific 
types of tests which serve as a basis for c l a s s i f i c a t i o n  
(Federal Register 42:54148, October 4, 1977).
Hhile there are some differences among the aforeme n t i o n e d  
systems for c l a s s i f y i n g  pesticides in t e r m s  of their acute 
toxicities, the systems are q u i t e  similar, with respect to the 
oral, inhalational, or dermal toxicity ranqe for very toxic or 
hiqhly toxic substances.
NIOSH r e c o m m e n d s  t hree toxicity cate q o r i e s  for the various 
routes of e x p o s u r e  for defininq the hazards of pesti c i d e s  (see 
Table V I - 1 ) . The recommended cl a s s i f i c a t i o n  c r i teria are very 
similar to t h o s e  used by EPA for r e q i s t r a t i o n  purposes. EEA 
C a t e g o r i e s  I and II and NIOSH Groups I and II are identical. 
NIOSH Group III en c o m p a s s e s  both C ateqories III and IV in the EPA 
scheme. Listed in Appendix I are a p p r o x i m a t e l y  1,500 active 
inqredients qrouped by toxicity. For each pesticide, the irost 
c o n c e n t r a t e d  r e gistered product has been used to determine the 
r e sultant qroup c l a s s i f i c a t i o n  b e c a u s e  this form is most likely
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to be present in m a n u facturing and f o r m u l a t i n g  workplaces- 
R e g i s t e r e d  product data were provided by EPA- In certain cases, 
seeiringly co n f l i c t i n g  EPA data indicated that a particular active 
i n g r e d i e n t  had been c l a s s i f i e d  in more t han one EPA t o x i c i t y  
class. In those cases, the compound has been grouped in the irore 
stringently c o n t r o l l e d  N I O S H  group. Furthermore, a p p r oximately 
350 compounds were placed in NIOSH Group III because each does 
not appear as a s i n g l e  c o n c e n t r a t e d  ingredient in any p e sticide  
product. T h e s e  co m p o u n d s  include cert a i n  subs t a n c e s  that have 
uses as emulsifiers, detergents, solvents, and other 
n o n p e s t i c i d a l  uses. However, they are registered active 
ingredients b e c a u s e  they have biologic activity. It should be 
stated that there are biologically a c t i v e  emulsifiers, 
detergents, solvents, and other compounds used in the m a n u f a c t u r e  
and formulation of p e s t i c i d e s  that are not E P A -registered active 
ingredients and therefore do not appear in Appendix I.
TABLE Vl-t 
DEFINITIONS OF 6«0UPS I, XI» AND III
Hitird Indicators I II H I
Irravarslbla Effacta Probable or Suapaetad
carcinogenic* neurotonic* 
autegana t tc* tarotoganat lc*
Oral L0S0 < $0 ag/kg 50-500 «9/1(9 > *°° «9'kg
Inhalation LC50 < 0.2 ag/1 0.2-2 ag/1 > 2 mg/I
Oeraa1 1050 <200 ag/kg 200-2*000 «g/kg >2,000 ag/kg
Eye effects Corroslvel corneal Corneal opacity No cornaal opacity»
opacity not raveralbla reweralbia within 7 dl irritation raversible
within 7 d Irritation within 7 d
persisting for 7 d
Skin aff«cts Corrosive Severa Irritation Moderate irritation
at 72 hr at 72 hr
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Pesti c i d e s  implicated in Chap t e r  III as probable  
occ u p a t i o n a l  c a r c i n o g e n s  or suspected o c c u p a t i o n a l  carcinogens, 
teratogens, neurotoxins, and toxins to the r e p r o d u c t i v e  system 
are classified in Group I regardless of acute toxicity. The data 
on which these decisions are based are also presented in Chapter 
III. Various p e sticides are currently in the EPA EPAE process, 
i n c l u d i n g  amitraz, cadmium, diallate, endrin, maleic hydrazide, 
and fronamide due to s u spected c a r c i n o g e n i c i t y ;  benomyl, maleic 
h y drazide, cadmium, and t h i o p h o n a t e - m e t h y l  due to suspected 
m u t a genicity; benomyl, cadmium, and ethylene b i s d i t h i o c a r b a m a t e s  
due tc sus p e c t e d  teratogenicity; and benomyl, e t h y l e n e  d i bromide 
(EDB) , maleic hydrazide, h e x a c h l o r o c y l o h e x a n e ,  dimethoate, and 
lindane due to s u s p e c t e d  r e p r o d u c t i v e  effects. EPA's data for 
t hese pesticides have not been reviewed by NIOSH; however, once a 
d e c i s i o n  is made c o n c e r n i n g  r e r e g i s t r a t i o n  of these c o m p o u n d s ,  
e a c h  should be c l a s s i f i e d  in the re c o m m e n d e d  NIOSH scheme 
f o l l o w i n g  further review of the EPA data.
T h r o u g h o u t  the process leading to the development of this 
recoirirended standard, the major emphasis has bee n  on providing 
prote c t i o n  for workers engaged in the m a n u f a c t u r e  and f o r m u l a t i o n  
of pesticides in the light of necessary time constraints. The 
recent serious e p i s o d e s  of occupational poi s o n i n g  due to Kepone 
and leptophos indicate that effective controls need to be 
i mplemented immediately, not several years hence. The r e l a t i v e l y  
long period of time and t r e m e n d o u s  expense that would be r e q uired 
for the development of individual r e c o m m e n d e d  standards for all
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p e s t i c i d e s  mandate that a different approach be taken- A generic 
or industry-wide approach to the development of a r e c o m m e n d e d  
s t a ndard for the m a n u f a c t u r i n g  an d  formulating segments of the 
pes t i c i d e  industry, based pri m a r i l y  on eff e c t i v e  e n g i n e e r i n g  
c ontrols, work practices, and p e r sonal s a nitation practices, was 
felt to be the best strategy. Several c l a s s i f i c a t i o n  systems 
tha t  NIOSH was able to find have been examined, and only after 
their evaluation, was the d e c i s i o n  made to adopt a scheme 
c o m p a t i b l e  with that used by EPA. S t a n d a r d i z a t i o n  was not the 
m a i n  objective, but it is o b v i o u s  that there is a definite 
c o r r e l a t i o n  in all cl a s s i f i c a t i o n  schemes examined, espec i a l l y  in 
the areas of extreire or high toxicity. The various systems for 
cl a s s i f i c a t i o n  do not differ s i g n i f i c a n t l y  in terms of their 
s c i e n t i f i c  merit. The EPA system is the only other pesticide  
toxicity rating scheme o f f i c i a l l y  used by the US G o vernment and, 
since if is in general agreement with those s t a ndards r e c o m m e n d e d  
by recognized agencies, to devise a different method of 
c l a s s i f i c a t i o n  would result in unnecessary complication. The 
bur d e n  on both g o v e r n m e n t  and i n d u s t r y  will be lessened through  
the use of uniform, criteria.
The basic toxicologic parameter of the r e c o m m e n d e d  
c l a s s i f i c a t i o n  sc h e m e  is the acute lethal dose or concentration. 
As with any other s t a t i s t i c a l l y  derived value, variability can be 
ex p e c t e d  in its determination. The variab i l i t y  may be i n t r o d u c e d  
with the number of test animals used, with differences in diet 
a nd/or e n v i ronmental conditions, and with any of a number of 
f a c t o r s  that affect e x p e r imental results. Accordingly, it is
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u n d e r s t o o d  that there will be chemicals that see m  to br i d g e  two 
toxicity groupings- Consequently, such pesti c i d e s  are placed in 
the group that is more s t r i n g e n t l y  controlled- NICSH r e c o g n i z e s  
the resultant effect on the c l a s s i f i c a t i o n  and regulation of 
c e r t a i n  pesticides. However, this t h e o r e t i c a l  d i s a d v a n t a q e  is 
m ore than offset by the facility with which pesticides can be 
c l a s s i f i e d  under the proposed scheme.
(b) Medi c a l  Surveillance
Preplacement medical e x a m i nations should be made a v a i l a b l e  
to e m ployees prior to any o c c u p ational e x p o s u r e  to pesticides. 
The purposes of such exa m i n a t i o n s  are the i d e n t i f i c a t i o n  of any 
c o n d i t i o n s  or dis o r d e r s  predisposinq e m ployees to pesticide toxic 
effects and the assessment of e m p l o y e e  ability to use respir a t o r y 
p r o t e c t i v e  devices. Cert a i n  employees should a l s o  be c o u nseled 
by a physician before o c c u p a t i o n a l  exposure in those cases where 
the employees' state of health or p a r ental status poses a 
peculiar risk to t h e m s e l v e s  or their children.
Exposure to p e s t i c i d e s  has caused a variety of local and 
syste m i c  health effects. Local effects include c h l o r a c n e  
[ 134,135], e r y t h e m a  £ 144,145] and other dermal reactions 
[ 139-141], and various injuries to the eyes £143]. Orqan systems 
affec t e d  by pesticide exposures are the nervous [37,55], 
r e p r o d u c t i v e  [118,119], hepa t i c  [121,124], renal [128,129], 
h e m a t o p o i e t i c  [ 152, 154 ], cardiov a s c u l a r  [161], and r e s p i r a t o r y  
systems [125, 148], There is also evidence t hat some p e s t i c i d e s  
induce cancer in various orqans [48,59,167 ]. Therefore, annual 
p h y sical e x a m i nations are als o  recommended.
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OP pesticides may af f e c t  the nerv o u s  sy s t e m  by i n h i b i t i o n  
of choline s t e r a s e  (ChE) activity. This effect is usually 
r e v e r s i b l e  by ant i d o t a l  treatment; however, it is slowly 
r e v e r s i b l e  if not treated, and a series of low chronic exposures  
can lead to significant ChE depression. NIOSH recommends 
periodic d e t e r m i n a t i o n  of red blood cell (RBC) ChE for all 
w o r k e r s  exposed to OP insecticides. The frequency of such 
de t e r m i n a t i o n s  should be based on the pes t i c i d e  (s) to which an 
e m p l o y e e  is exposed, his p o t e n t i a l  exposure levels, and his state 
of health. Frequency sh o u l d  be decided by the p h ysician orly 
a f t e r  he weighs all of these factors and co n s i d e r s  the results of 
p r e v i o u s  determinations. RBC ChE may be d e termined as frequ e n t l y  
as daily for c e r t a i n  special circums t a n c e s ,  but no less 
f r e q u e n t l y  than six times per year which is necessary in o rder to 
en s u r e  that c h a n q e s  in the e m p l o y e e ’s workplace or workinq habits 
have rot increased his pesticide exposure to unheal t h f u l  levels.
(c) Labelinq and Posting
Employees should be a p p rised of p e s ticide hazards and 
m e t h o d s  to protect themselves. Althouqh all employees who will 
be occupat i o n a l l y  expo s e d  to pesticides sho u l d  already receive 
suc h  i n f o r mation as part of their traininq, labels and signs 
serve as an important reminder. Labels and siqns also provide an 
initial warning to other e m ployees who normally may not deal with 
pesticides.
(d) Personal Protective Clothinq and Equipment
Protective c l o t h i n q  and equ i p m e n t  protect the p e sticide
worker from exposure. In pesticide m a n u f a c t u r i n g  and
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f orirulatinq, e m p l o y e e s  sh o u l d  cover their body surfaces in order 
to avoid the local effe c t s  of contact with toxic chemicals and 
also to prevent systemic effects which may arise after absorption 
of pesticides through body s u rfaces.
C lothing and e q uipment should be carefully selected, used, 
and m a intained to be effective. Studies have shown that irany 
m a t e r i a l s  c o m monly used in prot e c t i v e  equipment are not 
i m p e r m e a b l e  to pest i c i d e s  and solvents [316,3 17]; however, 
m a t e r i a l s  s e l ected for such clothinq and equipment should be no 
m ore than m i n i m a l l y  permeable to the substances i n v olved in 
e m p l o y e e  exposure. Emp l o y e e s  must be t h o r o u q h l y  trained to 
properly use their personal protective c l o t h i n q  and equipment, 
e s p e c i a l l y  respirators.
Maintenance of protective clothing and equipment i n c ludes  
inspecting, testing, cleaning, and r e p a r i n g  or replacing when 
necessary. The e m p l o y e r  should arrange a system for storing and 
cleaning e q u ipment and work clothing that guards, aqainst the 
c o n t a m i n a t i o n  of street clothinq or other p e r s o n a l  effects of the 
employees.
(e) I n f o r m i n g  Employees of Hazards
The t o x i c  effects of p esticides and other c h emicals 
invol v e d  in occu p a t i o n a l  e x p osure should be fully exp l a i n e d  to 
employees, includinq probable and p o t ential c a r c i n o q e n i c , 
teratoqenic, mutagenic, neurotoxic, and r e p r o d u c t i v e  effects. In 
cases where these effects are based on animal data, the risks to 
man should be explained. Employees should be tauqht to recoqnize 
symptoms of o v e r e x p o s u r e  and to administer fir s t - a i d  m e a sures in
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such cases.
Employee training should fully cover m e t h o d s  to protect 
workers from c h e m i c a l  e x p o s u r e s  in routine work and in 
emergencies. Written i nformation a v a i l a b l e  to all employees 
s hould include toxicity data, first-aid measures, p e r sonal 
p r o t e c t i v e  methods, emergency procedures, and applicable 
regulations for the substances to which they may be exposed. As 
plant processes change or new data come to light, employee 
t raining and a v a i l a b l e  i nformation should be updated.
(f) Work Practices
The ma n n e r  in which e m p l o y e e s  perform their work should be 
directed to m i n i m i z e  their exposure. Handling pesticides ir. 
c o n t a c t  with skin surfaces should be avoided. P esticides ard 
other c h e m i c a l s  used in their m a n u f a c t u r e  and formulation should 
be kept in a p p r o p r i a t e  c o ntainers and processing equipment; leaks 
or spills should be promptly cleaned up. D i s p o s a l  of pesti c i d e s  
and p e s t i c i d e - c o n t a m i n a t e d  m a t e r i a l s  should be performed by 
m e t h o d s  which limit exposure.
Employees should deact i v a t e  and d e c o n t a m i n a t e  any equipment 
before maintenance, in order to prevent injury or exposure. 
Special p recautions should be taken before e n t ering e n c l o s e d 
spaces, e specially to protect against re s p i r a t o r y  exposure.
(g) Sanit a t i o n  and Personal Hygiene
Employers should provide facilities to allow e m p l o y e e s  to 
wash off p esticides and other chemicals. Employees should be 
advised to cleanse themselves of pesticides to reduce skin 
e x p osure and c o n t a m i n a t i o n  of food or toba c c o  products which
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could lead to oral or respiratory exposure. For that reason, 
c o n s u m p t i o n  of food, beverage, or toba c c o  products should be 
p r o h i b i t e d  in areas where pesti c i d e s  are handled. Sani t a t i o n  and 
hygi e r e  practices should be encouraged by employee training, 
supervision, and the posting of signs.
(h) E n g i n e e r i n g  C o n t r o l s
To the greatest extent possible, p e sticides and other toxic 
c h e m i c a l s  should be hand l e d  within closed systems to m i n i m i z e  
employee exposure. Eq u i p m e n t  should be desig n e d  and s i t u a t e d  so 
that malf u n c t i o n s  do not cause release of chemicals into 
wo r k e r - o c c u p i e d  areas. Regular i n spection and maintenance should 
be conducted to lessen the risk of leaks and malfunctions. Where 
there is l ikelihood of escaping pesticides, systems for rec a p t u r e  
s h o u l d  be used, ie, exhaust v entilation for airborne p e sticides  
and sumps for liquids.
(i) M o nitoring and R e c o r d k e e p i n g
In order to detect, prevent, and treat employee e x p o s u r e  to 
pesticides, m o n i t o r i n g  with concomitant r e c o r d k e e p i n g  sh o u l d  be 
per i o d i c a l l y  conducted. The e f f e c t i v e n e s s  of e n g i n e e r i n g  
co n trols may be m e a s u r e d  by m o n i t o r i n g  the wor k p l a c e  atmosphere. 
The use and success of work practice controls can be a s s e s s e d  by 
o b s e r v a t i o n  of worker functions and by m e d i c a l  surveillance. 
Reco r d s  of plant m o n i t o r i n g  and e m p loyee m e d i c a l  e x a m inations 
s h o u l d  be c o m pared to detect any c o r r e l a t i o n s  betw e e n  e x p o s u r e  
and effect.
The T oxic S u b s t a n c e s  Control Act of 1976 reguires that 
"Records o f . . . a d v e r s e  reactions to the health of e m p loyees shall
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be retained for thirty years from the date such reactions were 
first reported to or known by the person m a i n t aining such 
r e c o r d s . . - . ” Because medical examinations will o ften provide the 
first recog n i z e d  evidence of an adverse reaction, whether at the 
time of the e x a m i n a t i o n  or retrospectively, it appears consonant 
with the Toxic Substances Control Act to require medi c a l  reco r d s  
on workers enga g e d  in the m a n u f a c t u r e  or formulation of 
p e s t i c i d e s  to be m a i n t a i n e d  for 30 years. Furthermore, records 
of e n v i r o n m e n t a l  exp o s u r e s  should be kept for the same period, to 
allow c o r r e lation of a worker's exposure with his or her health-
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VII. RESEARCH NEEDS
There is an obvious need for a wide range of t o x i c i t y 
t est i n g  for many of the 1,500 Federally regis t e r e d  pesticides. 
In  a recent notice (Federal Register 41:7218-7375, February 17, 
1976), FP A stated that it had r e v iewed the data in its files on 
a p p r o x i m a t e l y  650 of 1,500 r e gistered ac t i v e  ingredients. Of 
those reviewed, approx i m a t e l y  47") required further testing before 
r e r e g i s t r a t i o n  could begin. Types of tests reguired included 
l o n g-term feeding, teratogenicity, mutagenicity, r e p r o d u c t i v e 
effects, o n c o genicity, and various s h o r t - t e r m  tests. T h e r e  is 
a l s o  a need for further studies to elucidate obser v e d  b e h a v i o r a l  
effects in animals and to relate them to humans.
T h e  most important research needs s t e m  from the n eed or 
de s i r e  for e x t r a  care when handling many pesticides. . In the area 
of e n g i n e e r i n g  controls, methods of c o n t r o l l i n g  dusts, vapors, 
gases, or splashes and spills while perf o r m i n g  opera t i o n s  such as 
pac k a g i n g  or transfer are clearly needed for both m a n u f a c t u r i n g  
and formulating. Although for certain o p e r a t i o n s  c o n trols do 
exist, i m p r o v e m e n t s  can be made. Improv e m e n t  of e n g i n e e r i n g  
c o n t r o l s  would have a positive impact on the health and safety of 
e m p l o y e e s  engaged in the m a n u f acture and f ormulation of 
pesticides. C u rrently, the Cont r o l  T e c h n o l o g y  Research Branch of 
NIOSH is undertaking a study with the purpose of documenting the 
types of e n g i n eering controls now being used in the manuf a c t u r i n g
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and formulating industry. The results, to be published in 1979,
will document the state of the art with regard to en g i n e e r i n g
c o n trols and will el u c i d a t e  those areas where the greatest 
re s earch and develo p m e n t  are needed.
A program should be u n d e r t a k e n  to develop more e f f ective
and s a t i s factory personal protective clothing and equipment.
Emphasis should be placed on developing cool, lightweight., and 
im p e r v i o u s  c l o thing and equipment. The i m p ermeability, or lack 
thereof, of various t y p e s  of protective c l o thing or equipment, 
i n c l u d i n g  aprons, gloves, gauntlets, and boots, is an e x t remely 
im p ortant factor in perc u t a n e o u s  absorbtion of pesticides. The 
p e r m e a b i l i t y  varies greatly, depending on the material and the 
c h e m i c a l  substance. The w e a v e  and finish of cloth also affect 
the permeability of clothing. The variations are so great that 
pes t i c i d e  m a n u f a c t u r e r s  and formulators sh o u l d  use only 
p r o t e c t i v e  c l o t h i n g  and e q u i p m e n t  that has been tested and found 
to be highly r e s istant to p e n e t r a t i o n  of those c h e m i c a l s  of 
concern.
The d e c o n t a m i n a t i o n  of work clothing requires further 
research. T h o u g h  some work has been done i n volving OC, OP, and 
c a r b a m a t e  insecticides, there is an obvious need for similar work 
on other pesticides, including substituted car b a m a t e  f ungicides, 
halogenated fumigants, r o d e n t i c i d e s , and most herbicides. In the 
studies done thus far, the results indicate that o p t i m u m 
c o n d i t i o n s  for d e c o n t a m i n a t i o n  can be estimated, but that in no 
c a s e  has d e c o n t a m i n a t i o n  been complete by the p r ocedures 
e x a m i n e d .
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IX. APPENDIX I










Alkyl amine acetate (48% C12, 18% C14, 10% C18, 9% C16, 8% C8, 7% CIO)
(as in fatty acids of coconut oil)
Alkyl amine hydrochloride (as in fatty acids of coconut oil)
Alkyl amine tetrachlorophenate (as in fatty acids of coconut oil)
1-(Alkyl amino)-3-aminopropane acetate (as in fatty acids of coconut oil)
1-(Alkyl amino)-3-aminopropane hydroxyacetate (as in fatty acids of coconut 
oil)
1-(Alkyl amino)-3-aminopropane propionate - copper acetate complex 
(as in fatty acids of coconut oil)
Alkyl amino betaine (46% C12, 24% C14, 10% C16, 8% CIO, 7% C8, 5% C18)
2-Alkyl-l-(2-aminoethyl)-2-imidazoline acetate 
Alkyl ammonium salts
Alkyl bis(2-hydroxyethyl) amine acetate (65% C18, 30% C16, 5% C14) 
N'-Alkyl-N-(2-cyanoethyl)1,3-diaminopropane (as in fatty acids of 
coconut oil
Alkyl diamine monobenzoate (as in fatty acids of coconut oil)
Alkyl diethanolamide (70% C12, 30% C14)
N-Alkyl dihydroxyethyl amine oxide (50% C12, 22% C14, 10% C15, 8%
CIO, 5% C18)
N-Alkyl Dipropoxy-tert-amine (47% C12, 18% C14, 10% C18, 9% CIO, 8%
C16, 8% C8)
Alkyl (ethylcycloimidinium) 3-hydroxy-3-ethyl sodium alcoholate,
2-methyl sodium carboxylate-tridecyl polyoxyethylene ethanol-iodine 
complex (100% C12)
2-Alkyl l-(2-hydroxyethyl)-l or 3-benzyl-2-imidazolium chloride (C18 
as in fatty acids of tall oil)
2-Alkyl 1-(2-hydroxyethyl)-2-imidazoline acetate (as in fatty acids 
of tall oil)
2-Alkyl l-(2-hydroxyethyl)-2-imidazoline (C18 as in fatty acids of tall oil) 
2-Alkyl 1-hydroxyethyl imidazoline phosphate (100% Cl3)












Aromatic petroleum derivative solvent













o-Benzyl-p-chlorophenol, potassium salt of
0-Benzyl-p-chlorophenol, sodium salt of















Bromacil, lithium salt of 
























5-and 6-Carboxy-4-hexyl-2cyclohexane-l-octanoic acid-iodine complex, 
polyoxyethylene ethanol esters of 
Carboxymethyl-1,l-ethylcarboxymethyl-2-undecylimidazolinium hydroxide, 
disodium salt of 
Cetyl diemthyl ethyl ammonium bromide 
Cetyl pyridinium bromide 
Cetyl pyridinium chloride 
Cetyl trimethyl ammonium bromide 
Cetyl trimethyl ammonium chloride 
Chloramben, and esters and salts (C)
Chlordane (C)
Chlordecone (C) (N) (R)
Chlorfenvinfos**





4-Chloro-2-cyclopentylphenol, potassium salt of
4-Chloro-2-cyclopentylphenol, sodium salt of
5-Chloro-2-(2,4-dichlorophenoxy)phenol







6-Chloro-2-phenylphenol, potassium salt of 









Coal tar acids, coal tar phenols, cresylic acid or cresols
Coal tar neutral oils or coal tar hydrocarbons













Creosote (coal tar), coal tar cresote or coal tar creosote oils (C) 













Dialkyl ammonium salts 
Diamidfos**





1.2-Dichloropropane, 1,2-dichloropropene and other related compounds
1,3 Dichloropropene
Dichloro-S-triazinetrione 
Dichloro-S-triazinetrione, potassium salt 
Dichloro-S-triazinetrione, sodium salt of 
Dichlorvos**
Dicrotophos**
Didecylmethyl benzyl ammonium chloride 
Dieldrin (C)(T)(N)
0,0-Diethyl 0-(2-(diethylamino)-6-methyl-4-pyrimidinyl) phosphorothioate** 
N3,N3-Diethyl-2,4-dinitro-6-(trifluoromethyl)-m-phenylenediamine 
Diethyl diphenyl dichloroethane and related compounds 
N,N-Diethyl-m-toluamide, and other isomers 
Difenzoquat methyl sulfate
Diisobutylcresoxyethoxyethyl dimethyl benzyl ammonium chloride 
Diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride 
Dimethyl 3-hydroxyglutaconate dimethyl phosphate**
4.6-Dinitro-o-cresol
4.6-Dinitro-o-cresol, sodium salt of
2,4-Dinitrophenol
Dinoseb, and esters and salts
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Dioxathion**















Dodecylbenzene sulfonic acid, diethanolamine salt of 
Dodecylbenzene sulfonic acid, monoethanolamine salt of 
Dodecylbenzyl octadecyl dimethyl ammonium chloride 
Dodecylbenzyl trimethyl ammonium chloride 
Dodecylbenzyl trimethyl ammonium 2-ethylhexoate 
Dodecyldimethyl benzyl ammonium chloride 
Dodecyldimethyl benzyl ammonium naphthenate 
Dodecyldimethyl benzyl ammonium bromide 
N-Dodecyldimethyl trichlorobenzyl ammonium chloride 
Dodecyldimethyl 2,4,5-trimethyl benzyl ammonium chloride 
Dodecylguanidine hydrochloride 
Dodecylguanidine terephthalate 
Dodine and hydrochloride 
Endosulfan



























Glycolic acid, postassium salt of 
Haloxon** (N)
Heptachlor (C)
2-Heptadecyl-l-methyl-l-(2-(stearoylamido)ethyl) imidazolinium methyl sulfate
1-Heptadecenyl-2-(2-hydroxyethyl) imidazolinium chloride
2-Heptadecenyl imidazoline 
2-Heptadecenyl imidazolinium chloride 
2-Heptadecenyl-2-imidazoline acetate 
Heptadecyl hydroxyethyl imidazoline 
Heptadecyl hydroxyethyl imidazolinium chloride 















2-Isovaleryl-l,3-indandione, calcium salt of 
2-Isovaleryl-l,3-indandione, sodium salt of 
Lead acetate 
Lead arsenate, basic (C)













Methyldodecylbenzyl trimethyl ammonium chloride 80% and methyldodecyl- 
xylylene bis(trimethyl ammonium chloride) 20%
2,2'-Methylene bis(4-chlorophenol)
2,2'-Methylene bis(4-chlorophenol), sodium salt of
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2,2*-Methylene bis(4,6-dichlorophenol), sodium salt of 
Methylene bis(thiocyanate)
2,2'-Methylene bis(3,4,6-trichlorophenol)
2,2'-Methylene bis(3,4,6-trichlorophenol), disodium salt of 

















Octyl decyl dimethyl ammonium chloride












Pentachlorophenol, fatty acid esters of (100 % C6-C20) 
Pentachlorophenol, potassium salt of
Pentachlorophenol, zinc salt of alkyl-N-propanediamine (C16-C18)
n-Pentyl valerate
Perfluidone
Petroleum distillate, oils, solvent, or hydrocarbons; also paraffinic 
hydrocarbons, aliphatic hydrocarbons, paraffin oil 
Phenol
Phenylmercuric acetate 
Phenylmercuric ammonium acetate 









Phenylmercuric triethanol ammonium lactate 
o-Phenylphenol
o-Phenylphenol, alkenyl amine salt of (100% C8-C18)
o-Phenylphenol, alkyl amine-copper salt of (100% C8-C18)
o-Phenylphenol, alkyl amino-zinc salt of (100% C18)
o-Phenylphenol, ammonium salt of
o-Phenylphenol, potassium salt of









Poly(oxyethylene(dimethyliminio)ethylene (dimethyliminio)ethylene dichloride 
Polyram (C)





















































Tetrachlorophenols, alkyl amine salt (as in fatty acids of coconut oil) 
Tetrachlorophenols, potassium salt of 
Tetrachlorvinphos** (C)
3,3,4,4-Tetrachlorotetrahydrothiophene-l,l-dioxide (92%) and other 
chlorinated thiophene dioxide (8%)










Tributyltin monopropylene glycol maleate 
Tributyltin neodecanoate 
Trichloroacetic acid 
Trichloroacetic acid, sodium salt 
Trichloroethylene (C)
2.4.5-Trichlorophenol
2.4.5-Trichlorophenol, sodium salt of




alpha, alpha, alpha Trifluoro-4-nitro-m-cresol 
Trifluralin (C)
Triforine







Warfarin, sodium salt of 
Xylene
Zinc ion and manganese ethylene bisdithiocarbamate 80%, A coordination 
product of manganese 16%, zinc 2%, ethylene bisdithiocarbamate 62% (C) 





(C) Designates suspected carcinogen 
(N) Designates suspected neurotoxin 
(R) Designates suspected reproductive effect 
(T) Designates suspected teratogen
Group II
alpha-Alkyl -omega-hydroxypoly(oxyethylene)(100% C12-C15)
Alkyl poly(oxypropylene) poly(oxyethylene)-iodine complex (100% C12-C15) 
Alkyl 1,3-propanediamine (53% C12, 19% C14, 8.5% C16, 7% C8, 6.5%
CIO, 6% C18)
Alkyl 1,3-propylenediamine (as in fatty acids of coconut oil)
Alkyl 1,3-propylenediamine (42% C12, 26% C18, 15% C14, 8% C16, 5%
CIO, 4% C8)
Alkyl 1,3-propylenediamine (47% C12, 18% C14, 10% C18, 9% CIO, 8%
C16, 8% C8)
N-Alkyl 1,3-propylenediamine acetate (as in coconut oil fatty acids)
Alkyl 1,3-propylenediamine acetate (47% C12, 18% C14, 10% C18, 9% CIO,
8% C16, 8% C8)
N-Alkyl 1,3-propylenediamine adipate (as in fatty acids of coconut oil)























































2-Chloroethyl trimethyl ammonium chloride 
2-Chloro-n-isopropylacetanilide
5-Chloro-2-mercaptobenzothiazole, lauryl pyridinium salt of
o-Chlorophenol
o-Chlorophenol, sodium salt of 
p-Chlorophenoxyacetic acid
p-Chlorophenoxyacetic acid, diethanolamine salt of 
2-(m-Chlorophenoxy)propionamide 
2-(m-Chlorophenoxy)propionic acid




2-Chloro-4-phenylphenol, potassium salt of
2-Chloro-4-phenylphenol, sodium salt of
4-Chloro-2-phenylphenol, potassium salt of
4-Chloro-2-phenylphenol, sodium salt of
4 and 6-Chloro-2-phenylphenol, diethanolamine salt of
3-Chloro-p-toluidine hydrochloride











2.4-D, alkanolamine salts of ethanol and isopropyl series of
2.4-D, butyl ester of
2.4-D, dimethylamine salt of
2.4-D, isooctyl (2-ethylhexyl) ester of
2.4-D, isooctyl (2-octyl) ester of
2.4-D, isopropyl ester of
2.4-D, lithium salt of
2.4-D, n-oleyl-1,2-propylenediamine salt of
2.4-D, potassium salt of
2.4-D, triethanolamine salt of
2.4-DB














4.6-Dichloro-2-phenylphenol, potassium salt of 
3',4'-Dichloropropionanilide
Dichlorprop, and esters and salts 
Diethyl dithiobis (thionoformate)
Diethylene glycol monomethyl ether
1.2-Diuydro 3,6-pyridazinedione
1.2-Dihydro-3,6-pyridazinedione, diethanolamine salt of





p-(Dimethylamino) benzenediazo sodium sulfonate
2,2-Dimethyl-l,3-benzodioxol-4-ol methylcarbamate*
Dimethyl tetrachloroterephthalate















Fatty alcohols (54.5% CIO, 45.1% C8, 0.4% C6)
Fatty alcohols (56% CIO, 42% C8, 1.5% C12, 0.5% C6)





















MCPA, and esters and salts 
MCPB, and esters and salts 
Mecoprop, and esters and salts 
Menthol










Methyl esters of fatty acids (C8 - Cl2)
Methyl ethyl ketone 




Mineral oil, mineral seal oil, white mineral oil 
Monuron
Monuron trichloroacetate
1-Naphthaleneacetic acid, and esters and salts 
(2-Naphthyloxy) acetic acid






























Silvex, and esters and salts
Simazine


















Tributyltin chloride complex of ethylene oxide condensate of abietylamine
Tributyltin resinate
Trichlorfon**
2,3,6-Trichlorobenzoic acid and related polychlorobenzoic acids, 
dimethlamine salt of 
Triethylene glycol
Trimethylbenzyl ammonium resin, polybromide form 
3,4,5 and 2,3,5-Trimethylphenyl methylcarbamate*























Ammonium hydroxide - C8 fatty acid silver complex 
Ammonium isobutyrate
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p-tert-Amylphenol, potassium salt of


























p-tert-Butylphenol, potassium salt of 
p-tert-Butylphenol, sodium salt of























0-(3-Chloro-4-nitorphenyl) 0,0-dimethyl phosphorothioate** 
p-Chlorophenyl phenyl sulfone 

























Copper salts of the acids of tall oil 
Copper sulfate monohydrate 
Copper sulfate pentahydrate 
Cottonseed oil
Cupric ferric subsulfate complex







2.4-D, alkyl amine salt of (as in tall oil fatty acids)
2.4-D, alkyl amine salt of (C12)
2.4-D, alkyl amine salt of (Cl3)
2.4-D, alkyl amine salt of (C14)
2.4-D, ammonium salt of
359
2 4-D, amyl(pentyl) ester of
2 4-D, butoxyethoxypropyl ester of
2 4-D, butoxyethyl ester of
2 4-D, butoxypolyethoxypropyl ester of
2 4-D, butoxypropyl ester of
2 4-D, diethanolamine salt of
2 4-D, diethylamine salt of
2 4-D, diethylethanolamine salt of
2 4-D, diisopropylamine salt of
2 4-D, N,N-dimethyloleylamine salt of
2 4-D, N,N-dimethyl oleyl-linoleyl amine salt of
2 4-D, dipropylene glycol isobutyl ether ester of
2 4-D, ethanolamine salt of
2 4-D, ethoxyethoxyethyl ester of
2 4-D, ethoxyethoxypropyl ester of
2 4-D, ethylamine salt of
2 4-D, ethylene gylcol butyl ether ester of
2 4-D, ethyl ester of
2 4-D, heptylamine salt of
2 4-D, isooctyl (2-ethyl-4-methylpentyl) ester of
2 4-D, isopropanolamine salt of
2 4-D, isopropylamine salt of
2 4-D, isobutyl ester of
2 4-D, linoleylamine salt of
2 4-D, methylamine salt of
2 4-D, methyl ester of
2 4-D, morpholine salt of
2 4-D, octylamine salt of
2 4-D, oleylamine salt of
2 4-D, polyethylene gylcol 200 ester of
2 4-D, polypropoxybutyl ester of
2 4-D, polypropylene glycol ester of
2 4-D, propylamine salt of
2 4-D, propylene glycol butyl ether ester of
2 4-D, propylene glycol isobutyl ether ester of
2 4-D, propylene glycol ester of
2 4-D, sodium salt of
2 4-D, triethyamine salt of
2 4-D, triisopropanolamine salt of
2 4-D, trimethylamine salt of
2 4-D, tripropyleneglycol isobutyl ether ester of
2 4-D, tetrahydrofurfuryl ester of
Dalapon
Dalapon, diethyleneglycol ester of 
Dalapon, magnesium salt of 
Dalapon, sodium salt of 
Daminozide
2.4-DB, butoxyethanol ester of
2.4-DB, butyl ester of


























2',5-Dichloro-4'-nitrosalicylanilide, 2-aminoethanol salt of 
2,4'Dichlorophenyl ester of benzenesulfonic acid 
p-(N,N-Dichlorosulfamoyl)benzoic acid 
Dicryl
Dicyclopentadiene-linseed oil copolymer 
Di(dehydroabietyl)amine acetate 







N,N-Di(hydroxyethyl) alkyl amine (as in soybean fatty acids)
5.7-Diiodo-8-quinolinol 
Diisobutylphenoxyethanol 











2.4-Dinitro-6-octyl phenyl crotonate, 2,6-dinitro 4-octyl phenyl 






Dipropylene glycol methyl ether
Dipropyl insocinchomeronate
Disodium cyanodithioimidocarbonate







beta,beta'-Dithiocyano diethyl ether 
Dodecyldiethylamine 
Dried blood












Ethyl alpha-((dimethoxyphosphinothionyl)thio) benzeneacetate 
Ethylenediaminetetraacetic acid, and esters and salts 
Ethylene glycol
Ethylene glycol bis(trichloroacetate)
Ethylene glycol ether of pinene 
Ethylene glycol monomethyl ether
1-Ethyl-2-heptadecenyl-l-(2-hydroxyethyl) imidazolinium bromide
2-Ethyl-l,3-hexanediol
































Hydroxyethylenediaminetetraacetic acid, sodium salt of 
Hydroxyethylethylenediaminetriacetic acid, trisodium salt of
1-(2-Hydroxyethyl)-2-heptadecenylimidazoline
2-Hydroxyethyl octyl sulfide 
Ichthammol
Iodine-potassium iodide complex 
Isocil







Isothymoxy chloroethyl ether 
Juniper tar
Kerosene or deodorized base oil 
Lanolin
Larkspur alkaloid
























Methyl 2-chloro-9-hydroxyfluorene-9-carboxylate 65-70%, methyl 9-hydroxy- 
fluorene-9-carboxylate 11-13%, methyl 2,7-dichloro-9-hydroxyfluorene- 
9-carboxylate 12-19%
Methyl-2,3-dibromopropionate
































Nitrilotriacetic acid, trisodium salt of
Nitrocellulose










Octanoic acid ester of 3,5-dibromo-4-hydroxybenzonitrile 
Octylammonium methanearsonate 
N-Octyl bicyclohepten dicarboximide 
Octylphenol
Octylphenoxypolyethoxyethanol-iodine complex













Pentasodium diethylenetriamine acetate 
Piperazine-carbon disulfide complex 
Petroleum resins 
Phenarsazine chloride 
Phenolic - tung oil varnish 
Phenolsulfonic acid
3-Phenyl-l,1-dimethylurea trichloroacetate 
N-(l-Phenyl-2-nitropropyl) piperazine, potassium salt of 
Picloram, and esters and salts 
Pinene
Piperazine dihydrochloride
Piperonal bis(2-(2-butoxethoxy)ethyl) acetal 
Polyamidohygrostreptin
Polychlorobicyclopentadiene isomers(chlorine content 60-62% or 62-64%) 
Polyethoxypolypropoxypolyethoxyethanol,N-alkyl di(beta-hydroxyethyl) 
benzyl ammonium chloride-iodine complex (54% C12, 18% C14, 9% C18, 9%
C16, 5% CIO, 5% C8)
Polyethoxypolypropoxypolyethoxyethanol-N-alkyl dimethyl-3,4-dichlorbenzyl 
ammonium chloride-iodine complex (50% C12, 30% C14, 17% C16, 3% C18) 
Polyethoxypolypropoxypolyethoxy ethanol-iodine complex 
Polyethylene
Polyethylene condensate with abietylamine 
Polyethylene glycol distearate









































Propyl 4-hydroxybenzoate, sodium salt of




















Silver salt of partially polymerized mannuronic acid
Silver thiuronium acrylate co-polymer
Soap








Sodium n-cyclohexyl-n-palmitoyl taurate-iodine complex 
Sodium decyl diphenylether disulfonate 
Sodium decylbenzene sulfonate 
Sodium dehydroacetate 
Sodium diacetate














Sodium methyl oleyl taurate
Sodium methylundecyl benzene sulfonate
Sodium mono(1-alkenyl)phenoxybenzene disulfonate (100% C9-C10)




















Sodium tridecylbenzene sulfonate 
Sodium tripolyphosphate 
Sodium xylene sulfonate 
Sorbic acid








Sulfonated oleic acid, sodium salt of 








Teramaycin or oxytertracycline hydrochloride 
Tetracaine hydrochloride
1,3,A ,6-Tetrachloroglycoluril and related compounds
3,3 ' , 4 ',5-Tetrachlorosalicylanilide 
Tetrachlorothiophene 
Tetrahydroabietylamine acetate


















Toluene sulfonic acid, sodium salt of
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Tributyl-2,4-(dichlorobenzyl)phosphonium chloride 















2.3.6-Trichlorophenylacetic acid, ammonium salt of
2.3.6-Trichlorophenylacetic acid, dimethylamine salt of






Triethanolamine dodecylbenzene sulfonate 
Triethanolamine laurate 
Triethanolamine myristate
Triethanolamine octylsulfate-iodine complex 
Triethanolamine oleate 
Triethanolamine salt of lauryl sulfate
Triethanolamine sulfonate tridecylpolyoxyethyleneethanol-bromine complex
2.3.5-Triiodobenzoic acid













Zinc dehydroabietylammonium 2-ethylhexoate 
Zinc 2-ethylhexoate 
Zinc oxide




Ziram, cyclohexylamine complex 
Zirconium oxide
*Designates carbamate insecticides that require baseline RBC ChE monitoring 
only, as stated in Chapter I, section 1, part a(5).
**Designates organophosphorus insecticides that require baseline and 
routine RBC ChE monitoring as stated in Chapter I, section 1, parts 
a(5) and C.
***Approximately 350 compounds in (group III were placed there by default; 
ie, there were no data on which to base their classification in 
another group. (See Chapter 6 for further explanation).
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X. APPENDIX II
METHODS FOR BIOCHEMICAL DETERMINATION 
CF C H C L I N E S T E R A S E  ACTIVITY IN BLOOD
The method of Kolfsie and Winter [340], a m i c r o m o d i f i c a t i o n  
of the Mi c h e l  method [341], is re c o m m e n d e d  for the me a s u r e m e n t  of 
c h o l i n e s t e r a s e  (ChE) activity in workers exposed to 
organcph osphor us (OP) insecticides, but not carbarrate
insecticides.
R e a gents
All reagents should be at least American Cheiri.cal S o c i e t y  
reagent grade.
(a) Buffer S o l ution I (for erythrocytes)
For 1 liter of buffer, dissolve 4.1236 g sodium b a r b i t a l  
(0.32 M) , 0.5446 g p o t a s s i u m  o r thophosphate, di-H (3. 304 M) , and 
4 4.730 g potassium c h l oride (0.60 M) in 900 ml of distilled 
water; 28.0 ml of 0.1 N h y d r o c h l o r i c  acid is added while shaking 
the solution, and the flask is brought to volume with d i s tilled 
water. The pH of Buffer I should be 8.10 at 25 C.
(b) Buffer S o l u t i o n  II (for plasma)
For 1 liter of buffer, dissolve 1.2371 g sodium b a r bital
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(0. 006 M) , 0.1361 q p o t a s s i u m  o r thophosphate, di-H (0.001 M) , and 
17.535 q s o d i u m  chloride (0.30 M) in 909 ml of distilled water 
and add 11.6 ml of 0.1 N h y d r o c h l o r i c  acid before b r i nging to 
voluire. The pH of Buffer II should be 8.)) at 25 C.
The pH of the buffer solutions will decrease over a period
of several weeks. The pH should be checked before using and, if
it has dropped more than 0.03 pH units, it should be discarded 
and a fresh solution made.
(c) A c e t ylcholine Substrate (for erythrocytes)
This is 0.11 M a c e t y l c h o l i n e  chloride (2.000 g in 100 ml of 
d i s t i l l e d  water) .
(d) A c e t y l c h o l i n e  Substrate (for plasma)
T his is 0.165 M a c e t ylcholine chloride (3.0)0 g in 13) irl 
of distilled w a t e r ) .
A few drops of toluene are added to each a c e t y l c h o l i n e  
s u b s t r a t e  solution as a preservative, and the sol u t i o n s  are 
r e f r i g e r a t e d  when not in use. The acetyl c h o l i n e  solutions sho u l d  
not be r e t ained for more tha n  1 week.
(e) Saponin S o l ution
This is 0.010% saponin (100 mg in 1,000 ml of distilled 
water). This s o l u t i o n  should be made fresh as needed.
A pparatus
(a) C e n t r i f u g e  c a p a b l e  of 3,500 rpm and hold i n g  
c a p i l l a r y  sample tubes.
(b) A pH meter, cali b r a t e d  to 0.01 pH units.
(c) 0.02 ml Sahli-type hemoglobin pipet.
3 7 2
(d) C o n s t a n t - t e m p e r a t u r e  bath, 25 C.
(e) 100- and 1,000-ml volumetric flasks.
(f) He p a r i n i z e d  c a p i l l a r y  tubes.
(g) A Bunsen burner.
S a mpling. Handling, and P r e p a ration
Blood is collected from a clean, dry fingertip in a 
h e p a r inized glass c a p i l l a r y  tube. The blood is allowed to flow 
into the capillary tube until th e  tube is a p p r oximately 3/4 full, 
l eaving one end free by 1-1.25 inches, to permit f l a m e - s e a l i n g  of 
the tip of the tube without o v e r h e a t i n g  the blood sample.
The finger s h o u l d  be pricked deeply and care sh o u l d  be 
taken to collect only f r e e - f l o w i n g  drops of blood in order tc 
guard against the i n i t i a t i o n  of the clotting p r o c e s s  before the 
blood contacts the hepa r i n  lining in the wall of the capillary.
One end of the ca p i l l a r y  is plugged with solid (roonr 
temperature) paraffin and the other (free) end is sealed in the 
flame of a Bunsen burner. The capillary may now be labeled with 
an adhesive tape tag bearing a serial number or name and date. 
The sample should then be c e n t r i f u g e d  at 3,000-3,500 rpm for 
50-60 minutes. When the s a m p l e  has been so treated, it ma y  be 
ship p e d  to a laboratory, if n ecessary, or stored for several days 
(preferably in a refrigerator) with o u t  a p p r e c i a b l e  change.
Analysis
For analysis, the cap i l l a r y  is cut clea n l y  with a sharp 
am p u l e  file. From the packed-cells sect i o n  of the capillary,
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dr a w  0.02 ml directly into a Sahli-type hemog l o b i n  pipet. The 
end s  of the c a pillary must be cut evenly to provide s a t i sfactory 
j u x t a p o s i t i o n  with the tip of the pipet. D i s c h a r g e  the c o n t e n t s  
of the pipet d i r e c t l y  into 1.0 ml of 0.01% s a p o n i n  solution in a 
m i c r o beaker, and rinse the pipet well (3 times) into the 
solution. G lass vials, 1 inch (2.5 cm) deep by 3/4 inch (19 mm) 
in diameter, are c onvenient for e l e c t r o m e t r i c  testing. They will 
fit in the c a r r i e r  of a s t a n d a r d  pH meter, and, when used with a 
c l e a n  rubber stopper, will eliminate transfer of the sample from 
a test tube for each pH measurement. Plasma is taken from the 
a p p r o p r i a t e  section of the capillary in the same manner as the 
pa c k e d  e r y t h r o c y t e s  and discharged into 1.0 ml of dis t i l l e d  
water, the S a h l i  pipet being rinsed into the s o l u t i o n  (3 times) 
as with the erythrocytes.
Erythr o c y t e  C h o l i n e s t e r a s e  Assay
(a) On e  m i l l i l i t e r  of hemolyzed e r y t h r o c y t e  s o l u t i o n  is
added to 1 ml of buffer s o l ution I and placed in a 25 C water
bath.
(b) After a 10-minute equili b r i u m  period, the initial
pH(i) is d etermined to the nearest 0.0 1 pH unit with the pH
met e r .
(c) T w o - t e n t h s  m i l l i l i t e r  of 0.11 M a c e t y l c h o l i n e
ch l o r i d e  s o l u t i o n  is added with rapid mix i n g  and the tim e  is 
rec o r d e d .
(d) The r e a ction proceeds for 1-1.5 hours before the 
final pH (f) is noted.
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The beaker c o n t a i n i n g  the solution should be shaken «hen 
the glass e l ectrode is introduced to speed the e s t a b l i s h m e n t  of 
eguilibrium.
Note: The buffer solution I is designed to yield a pH of
8.00 after the addit i o n  of hemolyzed human erythrocytes.
Plasma C h o l i n e s t e r a s e  Assay
(a) One milli l i t e r  of diluted plasma is mixed with 1 ml
of buffer solution II.
{b ) The s o l ution is allowed to e q u i l i b r a t e  in a 25 C
water bath for 10 minutes.
(c) At the end of 10 minutes, the initial pH (i) is noted 
to the nearest 0.01 pH unit.
(d) T w o - t e n t h s  m i l l i l i t e r  of 0.165 M a c e t y l c h o l i n e  
chlor i d e  solution is added with rapid mixing.
(e) T h e  r e a c t i o n  m i x t u r e  is incubated for 1-1.5 hours 
b efore the final pH(f) is noted.
C a l c u l a t i o n s
The final units derived from this assay are A  pH/hour:
pH (i) - ph (f) - be
D elta pH/hour =
t (f) - t (i)
w h e r e :
3 7 5
pH (i) = initial pH 
pH (f) = final pH 
rt (f) - t (i) = time elap s e d  in hours betw e e n  reading pH (i) 
and reading pH (f)
b = n o n e n z y m a t i c  hydro l y s i s  c o r r e s p o n d i n g  to
pH(f)
c = corre c t i o n  for v a riations in A p H / h o u r  with 
pH, c o r r e s p o n d i n g  to pH (f)
The b and c c o r r e c t i o n  factors are given in T able X - 1. 
Aver a g e  b a s eline values of erythr o c y t e  and plasma ChE a c t i v i t y  
d e t e r m i n e d  by this m e t h o d  for healthy n o n e x p o s e d  men and woiren 
are given in Table X-2. The value for aver a g e  red blood cell 
(RBC) ChE a c t ivity for men is drawn from W o l f s i e  and Winter. The 
value for w omen is obtained by multiplying the average RBC ChE 
a c t ivity figure for m e n  by the ratio of m ean A pH/hr for women 
to mean A p H/hr for men derived from the data of Rider et al 
[342]. The use of the data of Wolfsie and Winter [340] allows 
for the increased packing and possible c o n t a m i n a t i o n  of RBC ’ s ty 
plasma ChE. Plasma ChE values were s e l ected from Rider et al, 
since their larger data base probably provides a closer 
a p p r o x i m a t i o n  of the true p o pulation mean of normal values for 
p l a s m a  ChE activity. For the same reason, their data provide the 
most reliable w o men/men ratio for RBC ChE activities. The data 





FOR USE IN EQUATION FOR A  pH/HR
TABLE X-2 
MEANS BASELINE VALUES 
OF ERYTHROCYTE AND 
PLASMA CHOLINESTERASE IN MEN
Erythrocyte/ Plasma/ AND WOMEN (A  pH/HR)
Chollnt*t«ras« Choi inastarasa
Corract1 ons Corract I ons
pH ( f > b c b c
Erythroeyta ChoiInastarala
7.? 0.03 0.94 0.09 0.98 Man Uoaan
7.6 0.02 0.95 0.07 1 .00
7.7 0.01 0.96 0.06 1 .01 Haan 0.661 0.643
7.6 0.00 0.97 0.C5 1 .02
7.5 0.00 0 . ?8 0.04 1 .02
7.« 0.00 0.99 0.03 1 .01
7.3 0.00 .00 0.02 1.01 Mean 0.953 0.61 7
7.2 0.00 .00 0.02 1 .00
7.1 0.00 .00 0.02 1 .00
7.0 0. 00 . 00 0.Û1 1 . 00
6.6 0.00 0 .99 0.91 1 .00 Adapted fro* Holfale and Winter [3401 and Rider at al 1 342 t
6.6 0.00 0.97 0.01 1.01
6.4 0.00 0.97 0.01 1 .02
6.2 0.00 0.97 0.01 1 . 04
6.0 Û.0Q .99 O.Ot 1 .09
T A B L E  X - 3
N O R M A L  V A L U E S  FO R C I R C U L A T I N G  C H O L I N E S T E R A S E S  
IN H E A L T H Y  N O N E X P O S E D  P E R S O N S *
S u b j e c t s Er y t h r o c y t e  
Ac t  i v i ty ( 
R a n g e
Ch o  1 i n e s t e r a s e  
p H / h r  )
M e a n SD
P l a s m a  C h o l i n e s t e r a s e  
A c t i v i t y  ( A  p H / h r )  
R a n g e  M e a n SD
R e f e r e n c e
4 0 0  me n 0 . 58- 0 . 5 2 -
0 . 95 0 . 766 0. 081 1 .3 9 0 . 9 5 3 0 .1 87 3 4 2 * #
4 0 0  w o m e n 0 . 56- 0 . 38 -
0 . 94 0 . 750 0 . 052 1 .25 0 . 8 1 7 0 . 1 8 7 342 * *
2 55 ne n 0 . 5 54 - 0 . 4 0 Ö -
1 .252 0. 861 0 .091 1 . 6 5 2 0 . 9 1 2 0 . 1 1 2 3£»0***
* All a n a l y s e s  p e r f o r m e d  by m e t h o d  of M i c h e l  1 3 39 1  
** R a n g e s »  n e a n s «  a n d  s t a n d a r d  d e v i a t i o n s  in t h i s  s t u d y  a r e  e s t i m a t e s  b a s e d  o n d a t a
e x t r a p o l a t e d  to a g e  4Q> r a n g e s  r e f l e c t  e l i m i n a t i o n  o f  h i g h e s t  \% a n d  l o w e s t  t % o f  v a l u e s  
*** A n a l y t i c  m e t h o d  m o d i f i e d  f or s m a l l e r  b l o o d  s a m p l e
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XI. APPENDIX III
OSHA EXPOSURE LIMITS FOR CERTAIN PESTICIDES
ppm mg/m3
A c r olein 0. 1 0. 25
A c r y l c n i t r i l e - S k i n *  (ETS) 1
A l d r i n - S k i n 0. 25
Allyl alc o h o l - S k i n 2 5
A mmo n i a 25 18
ANTU (alpha n a p h t h y l  thiourea) 0- 3
A zinphos-methyl (Guthion)-Skin 0. 2
Bariuir (soluble compounds) 0. 5
B e nzere-Skin 2
Biphenyl 0.2 1
C a d m i u m 0. 2
C a l c i u m  arsen a t e  (as As) 1
Camphor, synthetic 2 12
Carbaryl (Sevin) 5
C a r b o n  dioxide 5,000 9 ,000
Ca r b o n  disulfide 20
C a r b o n  t e t r a c h l o r i d e - S k i n 10 65
C h l o r d a n e - S k i n 0-5
C h l o r i n a t e d  camphene  
(toxaphene)-Skin 0. 5
Ch l o r i n e 1 3
1 - C h l o r o , 2,3-epoxy- p r o p a n e  
(epichlorhydrin) 5 20
C h l o r o f o r m  (trichloromethane) 25 120
C h l o r o p i c r i n 0-1 0.7
Coal tar pitch volatiles 0.2
Co p p e r  (dusts and mists) 1
C r a g  herbicide 10
C h r o m i c  acid 0. 05
2,4-D (2,4 d i c h l o r o p h e n o x y a c e t i c acid) 10
DBCP (dibromochloropropane) 0.001
D D T - S k i n 1
D DVP (dichlorovos) 0. 1 1
Demeton (Systox)-Skin 0.01 0. 1
1 , 2-Dibr omoethane (ethylene) 
d i b r o m i d e ) - S k i n 20 145
Dibrom 3
o - D i c h l o r o b e n z e n e 50 300
p - D i c h l o r o b e n z e n e 75 450
1,2 - D i c h 1oroethane 50 200
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D i c h l o r o e t h y 1 ether - S k i n 5 30
1,1 Ei c h l o r o - 1 - n i t r o e t h a n e 10 60
1 ,2 Eichloropropane 75 350
D i e l d r i n - S k i n 0.2!
D i m et h y l p h t h alate 5
D i n i t r o - o-cresol-Skin 0. 2
E n d r i n - S k i n ). 1
EP N - S k i n 0.5
1 ,2-Epoxypropane (propylene oxide) 1 00 240
E thyl acetate 4 00 1,400
E t h y l  formate 100 300
Fer bait 10
F o r m a ldehyde 2 3
F u r f u r a l - S k i n 5 2 )
H e p t a c h l o r - S k i n 0. 5
H y d rogen c y a n i de-Skin 10 1 1
Hydrogen fluoride 3
I s o p r o p y l  alcohol 4 00 98)
Lead arsenate (as PB) o. r
L indane-Skin 0.5
M a l athion-Skin 15
Mercury 0. 1
Methcxychlor 10
Methyl alcohol 20) 26)
Methyl bro m i d e - S k i n 15 60
Methyl c h l o r i d e 1 00 210
Methyl c h l o r o f o r m 3 50 1 ,900
M e t h y l e n e  chloride 200 720
Napath a l e n e 10 50
Nickel, solu b l e  compounds (as Ni) 0. 1
N i c o t i n e - S k i n ). 5
Nit roten'zene- Skin 1 5
Paraquat -Skin 0. 5
P a r a t h i o n - S k i n 0. 1
P e n t a c h l o r o p h e n o l-Skin 0.5
Pentane 6 00 1 ,800
P e r c h l o r o e t h y l e n e - Skin 100 670
P e t r o l e u m  d i s t i l l a t e s  (naphtha) 50) 2,0 00
Phenol - S k i n 5 19
P hosdrin (mevinphos)- Skin 0.01 0. 1
P h o s p h i n e 0.3 0.4
Pival (2-pivalyl-1, 3-indandione) 0. 1
Pro p a r g y l  a l c o h o l - S k i n 1 2
Pr opylene dichl o r i d e
(1,2 dichloropropane) 75 35)
Pyr ethrum 5
Pyridine 5 15
R on n e 1 10
R o t e n o n e  (commercial) 5
Silica, c r y s t a l l i n e
(respiratile free silica) o « o
379
ppm mg/m3
S o d i u m  fluor o a c e t a t e  (1080)-Skin 100 575
Stoddard solvent 500 2,950
S tr ychnine 0.15
Sulfu r i c  acid 1
2,4,5-T 10
T EDP-'Skin 0.2
T E P P - S k i n  0. 334 3. 35
1 ,1 , 2,2 - T e t r a c h l o r o e t h a n e - S k i n  5 35
Thirair 5
Tin (organic) 0.1
T r i c h l o r o e t h y l e n e  1 00 535
W a r f a r i n  0. 1
X y l e n e  103 435
Z inc chloride fume 1
Adapted from 29 CFR 1910.1003
♦ S t a n d a r d s  denoted "Skin" apply to both dermal and respir a t o r y  exposure
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XII. APPENDIX IV
N IOSH R E C O M M E N D E D  EXPOSURE LIMITS FOR CERT A I N  PESTICIDES
S ubstance
N I O S H  R e c o m m e n d a t i o n s  
For Workplace Air 
E x p o s u r e  L imits




C a r b a r y l  
C a r b o n  dioxide
C a r b o n  disulfide
C a r b o n  t e t r a c h l o r i d e  
Chlorine 
C h l o r o f o r m  
C h r o m i c  acid
bC r e o s o t e
4 ppm ceiling 
(4 hrs)
2 /ug (As) /m3 ceiling' 
(1 5-minut e)
1 ppm ceiling 
(1 20-minute)
40 n g (Cd) /m3 TWA;
200 /uq (Cd)/m3 
c e i l i n g (1 5-minute)
5 mg/m3 'WA
10,000 ppir, TWA;
3 0,00 0 ppm ceil i n g  
(1 0-minut e)
3 mg/m3 TWA 
30 m g / m 3  ceiling 
(1 5-minute)
2 ppm, ceiling 
(6 0-minute)
0.5 ppm ceiling 
(15 minute)
2 ppm ceiling 
(60-minute)
0. 05 mg (Cr03) /m3 TWA 
0.1 mg (Cr03)/m3 ceiling 
(1 5-minute)
0.1 m g/m3 TWA
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C y a n i d e  Salts and 
H y d r o g e n  Cyanide
1,2 - D i b r o m o - 3 - C h l o r o p r o p a n e
E p i c h l o r o h y d r i n
E t h y l e n e  dichloride
F o r m a l d e h y d e  
Hydrogen fluoride
Kepone
Lead, I n organic0 
Ma lathion
Mercury, Inorganic 
M e t h y l  alcohol
Methyl parathion 





5 m g ( C N ) / m 3  ceiling 
(10-minute)
10 ppb TWA
2 m g/m3 TWA 
19 mg/m3 ceiling 
(1 5-minute)
5 ppm TWA;
15 ppm ceiling 
{1 5-minute)
1.2 mg/m3 ceiling 
(30-minute)
2.5 mg (F) /m3 TWA;
5.0 m g / m 3  ceiling 
(1 5-minute ,fluoride ion)
1 ,ug/m3 ceiling 
(1 5-minute)
<100 ,ug/m3
15 m g/m3 TWA
0.0 5 mg/m3 TWA
2 00 ppm TWA;
800 ppm ceiling 
(1 5-minute)
0.2 m g / m 3  TWA
75 ppm TWA;
500 ppm ceiling, 
(15-minute). TWA 
to be lowered in 
p r e sence of carbon 
m o n o x i d e
15 ^ g / m 3 TWA
0.1 mg(ti n ) / m 3  TWA
0.05 m g/m3 TWA
35 0 m g / m 3  TWA
1,800 mg/m3 ceiling
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(15- m i n u t e )
P henol
Mineral spirits. Kerosene, 
Stoddard solvent
Silica, C r y s t a l l i n e
S u l f u r  dioxide
S u l f u r i c  acid
1 , 1 , 2 , 2 - T e t r a chloroethane
T o l u e n e
fT n c h l o r o e t h y l e n e
Xylene
Zinc oxide
20 mg/m3 TWA 
6) mg/m3 ceiling 
(15-minute)
3 50 mg/m3 TWA
1,800 m g / m 3  ceiling 
(15-minute)
50 fj,g/m3 TWA 
r e s p i r a b l e  free silica
2 ppm TWA
1 m g / m 3 TWA
1 p pm TWA
100 ppm TWA;
2)0 pp m  ceiling 
(10-minute)
< 2 5 ppm TKA
100 ppm TWA;
2)0 pp m  ceiling 
(10-minute)
5 mg/m3 TWA;
15 mg/m3 ceiling 
(15-minute)
Adap t e d  from r e f e r e n c e  153
a NIOSH TWA r e c o m m e n d a t i o n s  based on up to a 10-hr/d, 40-hr/wk 
exposure unless o t h e r w i s e  noted 
b Recommended in the Coal Tar Products C r i t e r i a  Document
c Revised, March 1977 in NIOSH testimony at OSHA h e a rings
d Recommended in the Alkanes C r i teria Document
e Recommended in the Refined Petroleum Solvents Criteria Document
f Revised, J a n u a r y  1978 in Special Occ u p a t i o n a l  Hazard Review 
on T r i c h l o r o e t h y lene
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XIII. APPENDIX V
MATERIAL SAFETY DATA SHEET
General instructions for preparing a M a t erial Safety Data 
Sheet (MSDS) are presented in this chapter. The examples used in 
this text are for i l l u s t r a t i v e  purposes and are no t  i n t e n d e d  to 
apply to any s p e c i f i c  compound or product. Applicable 
i n f o r m a t i o n  about a specific product or material shall be 
s u p plied in the a ppropriate block of the MSDS.
The product de s i g n a t i o n  is inserted in the block in the 
upper left corner of t h e  first page to facilitate filing and 
retrieval. Print in upper case letters as l arge as possible. It 
sh o u l d  be prin t e d  to read upright with the sheet turned sideways. 
The product d e s i g n a t i o n  is that name or code design a t i o n  which 
a ppears on the label, or by which the product is sold or known to 
e mployees. The relative num e r i c a l  hazard ratings and key 
s t a t e m e n t s  are those determined by the g uidelines in C h a p t e r  V, 
P art B, of the NIOSH publication, An Identif i c a t i o n  S y s t e m  for 
O c c u p a t i o n a l l y  Hazardous M a t e r i a l s . The comp a n y  id e n t i f i c a t i o n 
may be printed in the upper right corner if desired.
(a) Section I. Product Id e n t i f i c a t i o n
The m a n u f a c t u r e r ’s name, address, and regular and e m e r g e n c y  
t e l e p h o n e  n u m b e r s  (including area code) are inserted in the 
a p p r o p r i a t e  blocks of S e c t i o n  I. The company listed should fce a 
s o u r c e  of detailed backup i n f o r m a t i o n  on the hazards of the
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m a t e r i a l  (s) covered by the HSDS. The listing of s u p p l i e r s  or 
w h olesale d i s t r i b u t o r s  is discouraged- The trade name should be 
the product design a t i o n  or common name a s sociated with the 
material. The s y n onyms are t h o s e  commonly used for the product, 
e s p e c i a l l y  formal c h e m i c a l  nomenclature. Every known c h e m i c a l  
d e s i g n a t i o n  or c o m p e t i t o r ' s  trade nam e  need not be listed.
(b) Section II. Hazardous In g r e d i e n t s
The "materials" listed in Section II should be those 
su b s t a n c e s  which are part of the hazardous product covered by the 
MSDS and which individually meet any of the criteria defining a 
h a z a r d o u s  material. Thus, one component of a m u l i t c o m p o n e n t  
product might be listed because of its toxicity, another 
co m p o n e n t  b e c a u s e  of its f l a m m a b i l i t y , while a third c o m p o n e n t  
c o u l d  be included both for its toxicity and its reactivity. Note 
that a MSDS for a single component product must have the n a m e  of 
the material r e p e a t e d  in this section to a void giving the 
i m p r e s s i o n  that there are no hazardous ingredients.
Chemical s u b s t a n c e s  should be listed acc o r d i n g  to their 
c o m p l e t e  name derived fro m  a recognized s y s t e m  of nomenclature. 
Where possible, avoid using c o m m o n  n ames and gene r a l  class names 
s u c h  as "ar o m a t i c  amine," "safety solvent.," or " a l i p h a t i c  
hyd r o c a r b o n "  whe n  the s p e c i f i c  name is known.
The "%" may be the a p p r o x i m a t e  perc e n t a g e  by weight or 
vo l u m e  (indicate basis) which each hazardous ingredient of the 
m i x t u r e  bears to the whole mixture. This may be indicated as a 
r a n g e  or m a x i m u m  amount, ie, "10-40% vol" or "10% max wt," to 
a v o i d  d isclosure of trade secrets.
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Toxic hazard data should be stated in terms of
co n centration, mode of exposure or test, and animal used, eg,
"100 ppm LC50-rat," "25 mg/kg L D 5 0 - s k i n - r a b b i t , " "75 ppm LC man," 
or "permissible e x p osure from 29 CFR 1910.1000" or, if not
available, from other sources or p u b l i c a t i o n s  such as the 
American C o n f e r e n c e  of Gove r n m e n t a l  Industrial Hygienists or the 
American National Standards Institute, Inc. Flashpoint, shock 
sensitivity, or similar d e s c r i p t i v e  data may be used to i n d i c a t e  
flammability, reactivity, or similar hazardous p roperties of the 
material.
(c) Section III. Physical Data
The data in Section III should be for the total m i x t u r e  ard 
sh o u l d  include the boiling and melt i n g  points in degrees
Fa h r e n h e i t  (Celsius in p a r e n t h e s e s ) ; vapor pressure, in 
c o n v e n t i o n a l  m i l l i m e t e r s  of m e r c u r y  (mm Hg) ; vapor density of gas 
or vapor ( a i r = 1 ) ; s o lubility in water, in p a r t s/hundred parts of 
water by weight; s p e c i f i c  gravity (water=1); percent volatiles 
(indicate if by weight or volume) at 70 F (21.1 C) ; 
ev a p o ration rate for liquids or sublimable solids, r e l a t i v e  to 
butyl acetate; and appea r a n c e  and odor. These data are useful 
for the control of toxic substances. Boiling point, vapor 
density, perc e n t  volatiles, vapor pressure, and e v a p o r a t i o n  are 
useful for des i g n i n g  proper ventilation equipment. This 
i nformation is also useful for de s i g n  and depl o y m e n t  of a d e quate  
fire and spill containment equipment. The a p pearance and odor 
may f a cilitate i d e n t i f i c a t i o n  of substances stored in i m p r o p e r l y  
ma r k e d  containers, or when substances are spilled.
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(d) Section IV. Fire and Explosion Data
Section IV should cont a i n  complete fire and exp l o s i o n  data 
for the product, including f l ashpoint and aut o i g n i t i o n 
t e m p e r a t u r e  in degrees Fahrenheit (Celsius in parentheses) ; 
f l a m m a b l e  limits, in percent by volume in air; s u i t a b l e  
e x t i n g u i s h i n g  m e d i a  or materials; spec i a l  firefighting 
procedures; and unusual fire and ex p l o s i o n  hazard information. 
If the product presents no fire hazard, insert "NO FIRE H A Z A R D "  
on the line labeled " E x t i n g u i s h i n g  Media."
(e) Section V. Health Hazard Information
The "Health Hazard Data" should be a c o m b i n e d  e s t i m a t e  of 
the hazard of the total product. This can be expressed as a TWA 
c o n centration, as a p e r m i s s i b l e  exposure, or by some other 
i n d i c a t i o n  of an a c c e p t a b l e  limit. Other data are acceptable, 
s uch as lowest LD50, if m u l t i p l e  components are involved.
Under "Routes of E x posure," comments in each c a t e g o r y  
s h o u l d  reflect the potential hazard from a b s o r p t i o n  by the route 
in guestion. C o m m e n t s  should indicate the s e v e r i t y  of the effect 
and the basis for the statement, if possible. The basis m ight be 
a n i m a l  studies, analogy with similar products, or human 
experiences. C o m m e n t s  such as "yes" or "possible" are not 
helpful. T y p i c a l  comments might be:
Skin C o n t a c t — single short contact, no adve r s e  effects 
likely; prolonged or repeated contact, irritation, 
and cracking. Readily absorbed thro u g h  the 
skin with severe s y s t e m i c  effects.
Eye Contact— some pain and mild transient irritation;
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no corneal scarring.
"Emergency and First Aid Procedures" should be writ+en in 
lay language and should primarily represent first-aid treatment 
that should be provided by paramedical personnel or individuals 
trained in first aid.
Information in the "Notes to Physician" section should 
include any special medical information which would be of 
assistance to an attending physician including reguired or 
recommended preplacement and periodic medical examinations, 
diagnostic procedures, and medical management of overexposed 
employees.
(f) Section VI. Reactivity Data
The comments in Section VI relate to safe storage and 
handling of hazardous, unstable substances. It is particularly 
important to highlight instability or incompatibility to common 
substances or circumstances such as water, direct sunlight, steel 
or copper piping, acids, alkalies, etc. "Hazardous Decomposition 
Products" should include those products released under fire
conditions. It must also include dangerous products produced by 
aging, such as peroxides in the case of some ethers. Where 
applicable, shelf life should also be indicated.
(g) Section VII. Spill or Leak Procedures
Detailed procedures for cleanup and disposal should be
listed with emphasis on precautions to be taken to protect
workers assigned to cleanup detail. Specific neutralizing 
chemicals or procedures should be described in detail. Disposal 
methods should be explicit and should include proper labeling of
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c o n t a i n e r s  holding residues and ultimate d i s p o s a l  methods such as 
" s anitary landfill" or " i n c i n e r a t i o n . "  W a r nings such as "coirply 
with local, state, and Federal a n t i - p o l l u t i o n  o rdinances" are 
proper but not sufficient. Specific p r ocedures should be 
identified.
(h) Sect i o n  VIII. Special Prot e c t i o n  Information
Section VIII r e g u i r e s  s p e c i f i c  information. S t a t e m e n t s
s uch as "Yes," "No," or "If Necessary" are not informative. 
V e n t i l a t i o n  r e q u i r e m e n t s  should be s p e c i f i c  as to type and 
p r e f e r r e d  methods. Spec i f y  r e s p i rators as to type and NIOSH or 
US Eureau of Mines a p p r o v a l  class, ie, "Supplied air," "Organic 
vapor canister," " S u i t a b l e  for dusts not more toxic than lead," 
etc. Prote c t i v e  e g u i p m e n t  must be specified as to type and 
m a t e r i a l s  of construction.
(i) Section IX. Special P r e c a u t i o n s
" Precau t i o n a r y  Statements" sh o u l d  consist of the label 
st a t e m e n t s  selected for use on the c o n t a i n e r  or placard. 
A d d i t i o n a l  i n f o r m a t i o n  on any aspect of safety or health not 
c o v e r e d  in other sections should be inserted in Section IX. The 
lower block can contain r e f e r e n c e s  to pub l i s h e d  gu i d e s  or 
i n - h c u s e  procedures for h a n d l i n g  and storage. Department of 
T r a n s p o r t a t i o n  m a r k i n g s  and classifications, other freight, 
handling, or storage requirements, and e n v i r o n m e n t a l  c o n t r o l s  can 
be noted.
(j ) S i g n a t u r e  and Filing
Finally, the name and address of the re s p o n s i b l e  pe r s o n  who 
c o m p l e t e d  the MSDS and the date of c o m p l e t i o n  are entered. This
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will facilitate c o r r e c t i o n  of errors and identify a source of 
a d d i t i o n a l  information.
The MSDS shall be filed in a location readily acces s i b l e  to 
workers p o t e n tially e x p o s e d  to the hazardous material. The MSES 
can be used as a t r a ining aid and as a basis for discu s s i o n  
d u r i n g  safety m e e t i n g s  and training of new employees. It should 
assist m a n a g e m e n t  by d i r ecting a t tention to the need for s p e c i f i c  
cont r o l  engineering, work practices, and prote c t i v e  m e a s u r e s  to 
ensure safe handling and use of the material. It will aid the 
sa f e t y  and health staff in planning a safe and healthful work 
e n v i r onment and in suggesting approp r i a t e  eme r g e n c y  proc e d u r e s  
and sources of help in the e v e n t  of harm f u l  exposure of 
e m p l o y e e s .
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MATERIAL SAFETY DATA SHEET
1 PRODUCT IDENTIFICATION
m a n u f a c t u r e r  s n a m e






M A T E R I A L  OR COMPONENT % H A Z A R D  D A T A
III PHYSICAL DATA
B O IL IN G  POINT . 760 M M  H.G M E LT IN G  POINT
SPECIFIC G R A V IT Y  (H20  = 1I VAPOR PRESSURE
VAPOR DE NS ITY  ( A I R -  1) S O L U 8 IL IT  Y IN H j O  % 8Y  WT
\  V O L A T l l E S  BY VOL E V A P O R A T IO N  R A T E I B U T Y I  ACETATE U
APPEARANCE a n d  o d o r
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IV FIRE AND EXPLOSION DATA
f l a s h  p o i n t  
(TEST METHOD)
A U T O IG N IT IO N
TE MP ERA TUR E
f l a m m a b l e  l i m i t s N A IR ,  % BY VOL. LOWER UPPER j





U N U S U A L FIRE 
A N D  EXPLOSION 
H A Z A R D
__________________V HEALTH HAZARD INFORMATION
H E A L T H  H A Z A R D  D A TA
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XIV. TABLES AND FIGURES
TABLE XIV-1
PRODUCTION AND USE OF MAJOR PESTICIDES, 1975 ESTIMATES
Production Name of Pesticide Use
(Range in Millions 




























C ap t an
Methyl bromide 
Ethylene dibromide
A 1 d r i n
Methoxychlor 
Heptachlor 
D i a zi non 
Disulfoton 
P h o r a t e 
Monocrotophos 
Chlorpyrifos 
S i m a z i n e 
CD A A
Fungicide or wood preservative 
Herb i c i de
Fungicide or wood perservative
Insecticide
»I




Fungicide or wood preservative 
Insect i c i de
H
Herbicide







PRODUCTION AND USE OF MAJOR PESTICIDES, 1975 ESTI MATES
Production Name of Pesticide Use
(Range in M i11i ons 




Propan i 1 
2,4,5-T 
DSM A
Br omac i1 












Herb i c i de
Fungicide or wood preservative
Fumigant
Adapted from reference 7
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TAB LE  XIV-2
P E S T I C I D E  I N D U S T R Y  S T A T I S T I C S ,  1972
T y p e  of E s t a b l i s h m e n t
N u m b e r  of 
E s t a b 1 i s h m e n t s
P e s t i c i d e  
V a l u e  of S h i p m e n t  
( M i l l i o n s  of D o l l a r s )
P r i m a r y  p e s t i c i d e  
p r o d u c t i o n
M a n u f a c t u r i n g  (SIC 2 8 6 9 ) 1 9 4 8 9  . 3
F o r m u l a t i n g  (SIC 2 8 7 9 )
N o r t h e a s t  56 
N o r t h  C e n t r a l  89 
S o u t h  161 
W e s t  82
388 8 6 7  . 0
S u b t o t a l  ( S I C ’s 2 8 6 9 ,  2 8 7 9 )  4 0 7 1 , 3 5 6 . 3
O t h e r  e s t a b l i s h m e n t s  
w h e r e  p e s t i c i d e  
m a n u f a c t u r i n g  and 
f o r m u l a t i o n  is a 
s e c o n d a r y  i n d u s t r y  
(eg, S I C ' s  2842, 28 2 1 ,  
283 4 ,  281 9 ) 6 ,679 329 . 2
T o t a l  (all S I C ' s ) 7 , 086 1 , 6 8 5 . 5
A d a p t e d  f r o m  r e f e r e n c e  9
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G E O G R A P H I C  D I S T R I B U T I O N  OF T O T A L  V A L U E  S H I P M E N T ,  197 2
TA BL E XI V- 3
M a n u f a c t u r  i ng F o r m u l a t i n g T o t a l
R e g i o n V a l u e  of 
S h i p m e n t  
( $M i I l i o n )
P e r c e n t  of 
T o t a l
V a l u e  of 
S h i p m e n t  
C OM i I l i o n )
P e r c e n t  of 
T o t a l
V a l u e  of P e r c e n t  of 
S h i p m e n t  T o t a l  
( $ M i 11 ion)
N o r t h e a s t  60.9
N o r t h  C e n t r a l  1 9 5 . 9
S o u t h  2 1 9 . 5






4 3 9 . 0  






2 0 0 . 9  
6 3 4  . 9 






T O T A L 4 8 9 . 3 1 00 1,196.2 1 0 0 1 , 6 8 5 . 5 1 0 0
A d a p t e d  f r o m  r e f e r e n c e  9
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TA BLE  XI V-4
W O R K E R S  P O T E N T I A L L Y  E X P O S E D  IN THE 
M A N U F A C T U R E  A N D  F O R M U L A T I O N  OF P E S T I C I D E S ,  197 2
T y p e  of E s t a b l i s h m e n t
N u m b e r  of 
E s t a b  1 i s h m e n t s
N u m b e r  of 
P r o d u c t i o n  W o r k e r s
M a n u f a c t u r i n g  (SI C  2 8 6 9 ) 1 9 1 ,900
F o r m u l a t i o n  (SI C  2 8 7 9 ) 388 6 , 8 0 0
T o t a l  (SIC 286 9 ,  2 8 7 9 ) 4 0 7 8 , 7 0 0
O t h e r  e s t a b l i s h m e n t s  w h e r e  
p e s t i c i d e  m a n u f a c t u r i n g  
and f o r m u l a t i o n  is a 
s e c o n d a r y  a c t i v i t y  
(eg, S I C ' s  2 842, 2821, 
2 83 4 ,  28 1 9 ) 6 , 6 7 9 3 5 5 , 3 0 0
T o t a l  (all S I C ' s ) 7 , 086 3 6 4 , 0 0 0
A d a p t e d  f r o m  r e f e r e n c e  9
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T A B L E  X I V - 5  
D I S T R I B U T I O N  OF F O R M U L A T I O N  P L A N T  W O R K E R S
S i z e  of P l a n t  
( N u m b e r  of E m p l o y e e s )
N u m b e r  of P l a n t  
P r o d u c t i o n  W o r k e r s
1 -1 9
ooofH
2 0 - 9 5 2 , 1 0 0
1 0 0 - 4 9 9 1 , 6 0 0
> 5 0 0 2 , 1 0 0
T o t a l 6 , 8 0 0
A d a p t e d  f r o m  r e f e r e n c e  9
TABLE XIV-6
PESTICIDE MASS POISIONINGS







Spillage during Endr i n Flour 1 59 0 Wales
transport or n 1» 691 24 Qatar
storage n It 183 2 Saudi Arabia
D i e 1 dr i n Food 20 0 Shipboard
D i a z i n o n Doughnut mix 20 0 USA
Parath i on Wheat 360 1 02 India
II Barley 38 9 K 3 1 aya
ft Flour 200 8 Egypt
II »» 600 88 C o 1 u - b i 3
tl Sugar 300 1 7 Mexico
II Sheets 3 0 Canada
Mev i nphos Plants 6 0 USA
Accidental ingestions Hexachlorobenzene Seed grain >3.000 3-1 1 V* Turkey
Organic mercury II 34 4 West Pakistan
II 11 321 35 Iraq
n II 45 20 Guatemala
Warfar i n Bait 1 4 2 Korea
Improper use Toxaphene Collards and 
chard
7 0 USA
Nicotine Mustard 1 1 0 USA
Parath i on Used as treatment >17 
for body lice
1 5 Iran
Pentachlorophenol Nursery 1 i nens 20 2 USA
Adapted from reference 73
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TABLE XIV-7
REPORTS OF OCCUPATIONAL DISEASE ATTRIBUTED TO PESTICIDES AND OTHER 
AGRICULTURAL CHEMICALS IN CALIFORNIA, 1973
Agricultural Chemical
Total






















TOTAL 1 ,451 887 1 56 39 53 65 34 1 57 6 0
Organophosphorus Pesticides 260 182 32 — 9 1 0 7 1 4 6
Parath i on 53 43 5 — 1 2 -- 1 1
Systox 9 8 — -- — -- 1 --
TE PP 3 2 — — -- 1 -- -- --
Phosdr i n 14 1 1 2 — — 1 -- -- --
Ma 1 ath i on 1 3 6 1 — 1 1 -- 2 2
Tr i th i on 2 1 1 — 1 — -- -- --
Th i met 2 2 -- — -- — -- --
Gut h i on 4 2 — — 1 -- -- __ 1
Other and unspecified 160 107 24 — 5 5 7 1 0 2
Halogenated Hydrocarbon 
Pest i c i des 1 05 44 20 4 5 1 1 1 7 4
Chlordane, lindane, kelthane 22 4 6 — 1 3 4 1 3
Endrin, aldrin, dieldrin. 
toxaphene 2 _ _ 1 1 _ _ _ _
Methyl bromide 32 8 1 1 — 1 2 9 1
Other and unspecified 49 32 3 — 3 — 4 7 --
Lead and/or Arsenic Compounds 7 2 2 — 1 _ _____ 2 —
Herbicides (defoliants and 
ueed killers) 208 96 14 4 1 2 1 2 _ _ 53 1 7
Fert i 1 i zers 1 94 140 26 — 2 1 1 — 5 1 0
Organo-Mercury Compounds 5 -- 5 — — — -- -- --
Fungicides, Not Elsewhere 
Classified 55 25 8 1 1 7 1 _ _ 3
Phenolic Compounds 57 1 2 1 3 1 5 6 1 3 4 3
Carbamates 37 36 — — — 1 -- _ _ --
Sulfur 50 43 2 — 2 1 1 1 --
Other Specified Agriculture 
Chemicals 70 1 6 1 3 _ _ 2 6 4 26 3
Unspec i f i ed 403 291 21 9 8 1 7 8 35 1 4




Pest i c i de Author , Ref
Species
(Strain) Sex Dose and Route Cancer Site
Statistical 
S Ì s n i f i c a n c e
A 1 dr i n/
D i e 1 d r i n
Bis (2-c hlor o- 
ethyl) ether
NIOSH, 2
N C I , B i onet ics, 4
(Numerous reports in literature)
Mouse
(B6C3F1, B6AKF1)
M , F 100 mg/kg/d, 21 d
oral, then 300 m g / kg/ 
diet
M,F 215 mg/kg sc on d 28
Liver P = 0 . 01
Reticulum cell P = 0 . 01
Bis (2-hydroxy- 
ethyl)-d i th i ocar-
b 3 in i c acid, 
potassium salt
Ethyleneb i s- 
di thiocsrbamic 
acid salts
N C I , B ¡onet ics, 4
Inference from 
Ethylene thiourea
M,F 464 mg/kg/d, 21 d 
oral, then 
1,112 ppm/d i et





N C I , B i onet ics, 4 464 mg/kg/d, 21 d 
oral, then 
1,112 ppm/d i et
Liver P = 0 . 05
Captan
Oser and O s e r ,
1 94
Sternberg et al, 
1 95
NCI, 197









400 ppm/d i et
500 or 828-1,420 
ppm/d i et
2,525 or 6,050 ppm/ 
diet
8.000 or 16,000 ppm/ 
diet











P = 0 . G0S











(Syrian) M , F
1.3 ml/kg of 50% 
solution 2x/wk, sc







Pest le i de A u t h o r , Ref
Spec i a.s,
( S t r a ¡.n ) Se x Dose and Route Cancer Site
Statistical
Significance



























1 0 , 000 or
2 0, 000 ppm/d i et
10.000 or
20 , 000 ppm/d i et
158.9 or 56.2 ppm/ 
diet
30.1 or 63.8 ppm/ 
d i et
158.9 or 56.2 ppm/ 
diet
30.1 or 63.8 ppm/ 
diet
215 mg/kg/d, 21 d 




138 or 277 mg/kg/
5x/uk, oral
238 or 477 mg/kg/
5x/uk> oral
90 ana 180 mg/kg,
oral
113 or 219 mg/kg/d
5x/uk, oral
109 or 209 mg/kg/d
5x/uk, orsi






K i d n e y
Stomach
Mammar i e s , 
stomach
P<0 . 004 
(P < 0 .029 )
P<0.001 
P < 0 .0001
P = 0 .01
P = 0 . 001
P < 0 .001 
P<0 .001 
P = 0 . 0016
DDT NIOSH, 31 (Numerous reports in literature)




SU SPECTED OC CU PATIONAL CA RC INOGENS
Species Statistical
Pesticide A u t h o r i R e f  (Strain) Sex Dose and Route Cancer Site Significance






60 or 120 mg/kg/d 
5x/wk, oral 
40 or 80 mg/kg/d 
5x/wk, oral
Stomach

































8-26 ppm/d i et
ri
ii
P<0 . 05 
P<0 . C 5
M i r e x N C I , B ionet ics, 4 Mouse
(B6C3F1, B6AKF1)
M , F 10 mg/kg/d, 21 d 
oral, then 
26 ppm/d i et
Liver P = 0 . 01
M,F 1,000 mg/kg 
sc on d 28
Liver,
reticulum cells
P = 0 . 01





M,F 50 and 100 ppm/diet Liver
N i trofen NCI, 213 Rat
(Osborne-Mendel)
F 1,300 or 2,600 ppm/ 
diet
Pancreas P < 0 .001
Mouse 
(B6C3F1)





P = 0 . 022
of liver dose male)
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TABLE XIV-8 (CONTINUED)
SUSPECTED OCCUPATIONAL CA RC INOGENS
Pesticide Author, Ref
Spec i eS 
(Strain) Sex Dose and Route Cancer Site
S t a t i s t i c a l
S i g n i f i c a n c e ;


























M 207 ppm/d 5x/wk
Dawley) inhalation
300 ppm/119 hr ,
inhalation
328 ppm inhalation
M ,F 142 or 282 mg/kg/d,
gavage
F 386 or 772 mg/kg/d,
gavage
M 536 or 1,072 m9/ kg/d,
gavage
M 8,000 or 16,000 ppm/diet
F 8,000 or 16,000 ppm/diet Neoplastic
nodule
F 4,250 or 8,500 ppm/diet Thyroid,
Mende 1) adrenal
2 , 339 mg/kg/d , 
5 x/uk oral or 




P < 0 .001
P<0 .001
P < 0 .001
P=0.C07
P = 0 .013 > 
P = 0 . 0 17
P<0 . 001
P = 0 . 004
Tr i f lurali n NCI, 220
1 ,739 mg/kg/d ,
5x/wk oral











EXAM PLES OF PESTIC ID ES CONSIDERED BY NIOSH TO REQUIRE FURTHER C A RC IN OG EN IC IT Y TESTING
Pesticide Author. Ref
Spec i as 
( Stra i n ) Sex Dose and Route Cancer S i te
Statist 
S i g n i f i
i c a 1
C 3 n C G





21.5 mg/kg/d,21 d 
oral then 56 mg/kg/ 
diet









(B6C3F1 , B6AKF1 )
M, F 100 mg/kg/d » 21 d 
oral, then 240 ppm/ 
diet
Reticulum Cell P = 0 . 01
( 2~ch1 oroet hy1 ) 
t riethylammonium 
chloride (CCC)
ff ft M.F 21.5 mg/kg/d, 21 d 
o r a l , then 65 ppm/ 
diet
Liver P=0.01
Chloropicrin NCI, 221 Mouse
(B6C3F1)
M 66 mg/kg/d, 
gavage
Care i n o m a . 
pap i11oma
Not sta 
s i g n i f i
tistically 
c a nt
CIPC van Esch et a l > 
239
Mouse 
( Su i ss )
F 15 mg single dose, 
oral
Pap i Ilonas P<0.05
2,4-D Hansen et al. 
222
Arkhipov and 















149 and 323 ppm/diet, 
215 and 464 mg/kg 
i njecti on 
21.5 mg isooctyl 
ester/kg sc on d 7
tl
Reticulum cells P = 0 .01







1 55-500 ppm/d i et





C W i star)
W
Mouse
M i  F  
M . F  
M . F
5-30 mg/kg/d, oral 
1 5 nig/kg/d , i m 
Top i cal
Spleen»- liver 
var i ous 
Spleen, 





EXAM PLES OF PESTICIDES CONSIDERED BY NIOSH TO REQUIRE FURTHER CARCIN OG EN IC IT Y TESTING
Species Statistical















NCI, Bionetics, 4 Mouse M,F
(B6C3F1, B6AKF1 )
NCI, 228






1 % solution in 
drinking water
0.0 08% and 0.02%, 
diet
464 mg/kg sc on 
d 28
1.0 mg/kg/d/21 d 






Benign fibroma, P = 0 . 0 0 3 
benign mammary 
fibroadenoma P = 0 . 0 1 6
Reticulum cell P=0.01
Lung P = 0 . 3 5
Negative, 
early mortality




M , F 1,5,25,50 or 100 ppm/ 
diet
Negat i ve
De i c h m a n n 
et al, 230
Rat M , F
(Osborne-Mendel)
2,6 or 12 ppm/d i et
Ethyl an NCI, Bionetics, 4 Mouse M,F
(E6C3F1, B6AKF1)
215 mg/k g / d , 21 d 











Bedd i ng Various







EXAMPLES OF PESTICIDES CO NSIDERED BY NIOSH TO REQUIRE FURTHER CA RC IN OGENICITY TESTING
Pesticide Author, Ref
Species
(Strain) Sex Dose and Route Cancer Site
Statist i c a 1 
Significance




M 6 0 0 ppm/d i et Liver




M 600 ppm/d i et Liver nodules




M,F 1 0-800 ppm/d i et Negat i ve
IPC van Esch et 
239
a 1, Mouse 
(Sw i s s )
M , F 15 mg/wk 10 uik oral Pap i1 lomas P<0.05






M » F 
M , F
80 ppm/d i et
80 ppm (female mice)- 
472 ppm/d i et 
80 ppm (female mice)- 





Nagasak i et 
241
a l , Mouse
(dd)
M 1 00/500 ppm/d i et ff
F i tzhugh et 
238
a l , Rat
( W i s t a r )




( C F 1 )
M , F 400 ppm/diet Liver
Goto et a 1 , 237 Mouse
(ICR-JCL)
M 300 ppm/d i et Liver nodules
Mexacarbate NCI , B i onet ics, 4 Mouse
(B6C3F1, B6AKF1)
M, F 4.64 mg/kg/d, 21 d 











M , F 
M , F
464 mg/kg/d 
21 d oral, then 
1 , 206 ppm/d i et 
14,635 ppm/d i et
ff
Negat i ve
P = 0 .01
TABLE XIV-9 (CONTINUED)
EXAMPLES OF PESTICIDES CONSID ER ED BY NIOSH TO REQUIRE FURTHER CARCINOGENICITY TESTING
Pesticide Author, Ref
Spec i es 
(Strain) Se x Dose and Route Cancer S i te
S t a t i s t  i c  ü  1 
S i g n i f i c a n c e
P i perony1 
b u t o x i d e
NCI, Bionetics, 4 House M ,F
(B6C3F1, B6AKF1)
100 mg/kg/d, 21 d 
oral, then 300 ppm/ 
diet
Reticulum cell P  =  0  .  0 5
P i perony1 
s u'l f o x i d e
M , F 46.4 tng/kg/
sc injection 
M,F 46.4 mg/kg/d, 21 d 
oral, then 111 ppm/ 
di e t
P = 0 . 05 
P = 0 . 01
Sodium N ,N-d i- 






















Un i vers i t y )
M,F 215 mg/kg/d, 21 d
oral, then 692 ppm/ 
diet
M 4.64 mg/kg/d, 21 d
oral then 11 ppm/diet
H,F 4.64 mg/kg/d, 21 d
oral then 11 ppm/diet
F 100 mg/1 drinking water







" P = 0 . 05
P=0.31
Reticulum cells P = 0 . 0 5
Various
100,250,500,
1 , 000 ppm/d i et
H,F 3,4,4 ml 10% solution
3x/wk im for 6 mon, then 
0.2% solution in 
dr i nk ing water
2,500 mg/kg single 
i njecti on










of nose, epidermoid 
carcinomas of ear 
duct and orbit
TABLE XIV-9 (CONTINUED)
EXAM PLES OF PESTICIDES CONSIDERED BY NIOSH TO REQUIRE FURTHER CARCIN OG EN IC IT Y TESTING
Species St;:tisTicciI
Pesticide Author» Ref (Strain) Sex Dose and Route Cancer Site Significance
Trichlorfon G i be 1 et 
224
a I i Rat




M,F 15 mg/kg/2x/wk oral
M,F 15 mg/kg/2x/wk im





2 » 4,6-t r i c h 1 oro- 
phenol
NCI i B i onet ics» 4 Mouse 
(B6C3F1, 
B6AKF1)
M , F 100 mg/kg/d, 21 d




P = 0 . Of
TABLE XIV-10
RESULTS OF MU TA GENICITY STUDIES WITH PESTICIDES
Pesticide
DDT


























1 0 = 
11 = 
1 2  =
liquid holding test, -forward mutations to 5-MT resistance in E- coli 
spot test, back mutation in S marcescens and forward mutations in E coli 
liquid holding test» foward mutation to streptomycin resistance in E coli 
liquid holding test, mitotic gene conversion in S cerevisiae 
recessive lethal mutations in D melanogaster 
chromosome aberrations in
host-mediated assay» back 
dominant lethal test with mice! 
N crassa 
Tradescant i a 
S typhimurium (TA 1530)
S typhimurium (TA 1535)
human lymphdcytes in vitro] 
mutation in S typhimurium and S marcescens;
1 3 = bar ley
14 = Drosophila
15 = K pneumoniae
Adapted front references 257-261 > 234
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TABLE XIV-11
PESTICIDES DISPLAYING NO SI GN IFICANT CA RC IN OGENICITY IN ASSAYS WITH EXPERIMENTAL ANIMALS
Anthraqu i none 
Antu
















Di u r o n 








Ma 1 ath i on
Ma le i c hydraz i de
Maneb
Met ho xyc h 1 or
Methyl chloroform 
Methyl selenac 
Methyl z i m a t e 
Monoch1oroacetic acid 
Mucochloric acid 
Na b s m
1-Naphtha 1ene acetamide 
1-Napt haler, e acetic acid
1-Naphthy1-N-roethy1 carbamate 








P i c 1 or am
Propazine
Propyl ethy 1 buty11hiocarbamate
Rotenone











Adapted from references 4, 250-254
TABLE XIV-12
C O MP OU ND S RE VIEWED BY NIOSH WHICH HAVE BEEN TESJ ED FOR TE RA TO GE NI CI TY
Compound Invest i gator ' s 
Conclusion
















Control Treated Fetal Abnormalities 
Group Group
Ref
Parath i on 
Diclorovos 








































- - General edema 263
Phosmet ff 30
30









Aldr i n Terato­
gen i c





















































Abnorma 1 i t i es Ref
Aldr i n Terato­
gen i c
25 1, d 9 10 (mouse/ 
oral)
0/70« 2/68« Cleft palate 264
D i e ldr i n 1 5 1, d 9 n 0/70« 13/80« Cleft palate
Endr i n 2.5 1 > d 9 10 " 0/70* 5/82« Cleft pa late





























CO MPOUNDS REVIEWED BY NIOSH WHICH HAVE BEEN TESTED FOR TERATOGENICITY
Compound Investigator's 

















Control Treated Fetal Abnormalities 
Group Group
Ref
Th i ram Terato­ 250 1 ,d 7 3 (hamster/ 0/1053 1/1 6 Cranial nipple 265















































COMPOUNDS REVIEWED BY NIOSH WHICH HAVE BEEN TESTED FOR TERATOGENICITY
"Teratogen i c" Number Number of Incidence of Terata/
Effect Dose and Days Animals Number of Fetuses
of Dosps Per Treated
Compound Investigator's (m g/kg) Adminis­ Do se Control Treated Fetal Abnormalities Ref
Conelus i on tered ( An i iia 1/ Group Group
Route)
Folpet 1,000 1 ,d 7,8 1 (Hamster/ 3/7 Fused rib; 267
oral) short/curved tail
900 1 ,d 6-10 3 It 5/25 Exencephaly;
fused rib;
or 6-8 cranial pimple
SOO 3 n 1 /6 6 L i mb defect
700 6 T? 7/1536 2/56 Short/curved
tail;
fused rib
600 9 n 8/74 Exencephaly;
fused rib;
1 i mb defect
500 1 0 3/91 Exencephaly;
1 i mb defect ;
cleft palate;
short ta i 1
Captafol _ 500 1 ,d 8 1 3 « 15/132 Exencephaly; 267
cranial pimple
400 CL C** I o 8 •» 14/61 Exencephaly;
or 6-8 7/1536 fused ribs;
short ta i 1
300 6 Vf 1/63 L i mb defect
200 15 1» 4/145 Cleft palate;
umbilical hernial
short/curved tail
2,4,5-T Terato­ 300 1 , d 12,13 20 (mouse/ 6/995 39/340 Cleft palate 267
gen i c oral)
TABLE XIV-12 (CONTINUED)
COMP OU ND S REVI EWED BY NIOSH WHICH HAVE BEEN TEST ED FOR TERATOGE NI CI TY
Compound Invest i gator 1 s 






















1 1 3 1, d 6-14 18 (mouse/
sc)
41/4176* 174/79* Cleft palate 269
+ DM50 t d 6-15 14 n 4/496 27/97* ff
+ Dioxin ft 1 1 3 d 9-1 7 1 0 n 0/106* 20/36* ff
2,4,5-T n 1 1 3 1, d 6-14 1 2 (nouse/ 
o r a l )
0/227* 13/58* ft
+ Dioxin n 1 1 3 d 6-1 5 7 ft 0/106* 20/37* ff
2,4,5-T n 1 1 3 1,d 6-14 1 2 (mouse/ 
oral)
0/227* 13/58* ff





46.4 1 ,d 10-15 6 ( rats/ 
oral)
0/122* 0/1 6* No cleft 
palate
2,4,5-T 
+  2.9 ppm 
Dioxin
ff
1 00 l,d 6-10 6 ( hamster/ 
oral)
0/975 4/77 Eye abnorma 1- 
ities; cleft 
p? late ; 
ectop i c heart
270
2 ,4 > 5-T > no 
detect i b 
Dioxin
I,'* 6-10 8 " 0/975 7/38 Delayed head
oss i f i cat i o n ; 
limb deformity
TABLE XIV-13
EXAMPLES O F  ADVE RSE REPRODUCTIVE EFFE CTS DUE TO PESTICIDES
Pesticide Species Do se /C oA centration Effect Ref
Kepone




Techn i cal DDT 













0.15 rag/kg aldrin plus 







Decreased size and 
number of litters 
Decreased size, number 
and survival of liters
LH inhibition and 
cecreased ovulation
Delayed estrus, inability 
to mate, decreased mammary 
development, frequent still­
births, low offspring survival
Delayed estrus, decreased 
m a m m a r y  development, 
frequent stillbirths, low 
offspring survival
Delayed estrus, inability 
to mate, decreased mammary 
development, frequent still­
births, low offspring survival




spermatogenes i s , 
d i sturbances
sperm 
d i sturbed 
ovary
Decreased litter size, 















Crufomate Dipped, 2 d before or 
10 d after mat i ng




TA BL E X I V - 1 4
O R G A N O P H O S P H O R U S  I N S E C T I C I D E S  S U S P E C T E D  OF D E L A Y E D  N E U R O T O X I C I T Y  
B A S E D  ON E X P E R I M E N T A L  E V I D E N C E  IN C H I C K E N S
C o m p o u n d D o s e ,  R o u t e Ref
H a l o  xon 3 x 200 m g / k g ,  o r a l 285
E PN* 40 m g / k g , sc 287
60 m g / k g , sc 286
40 m g / k g , sc 99
DEF 7 x 100 m g / k g ,  ip 288
2 0 0 m g / k g ,  sc 99
Me rp hos 10 x 100 m g / k g ,  ip 288
600 m g / k g  , sc 99
C a r b o p h e n o t h i o n * 640 m g / k g , sc 99
2 x 500 m g / k g ,  sc X *
D M P A 50 m g / k g , ip 289
* N o t  d e l a y e d  but i r r e v e r s i b l e
* * M K J o h n s o n ,  w r i t t e n  c o m m u n i c a t i o n ,  M a y  1 978
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TABL E X I V - 1 5
G E N E R A L  C L A S S I F I C A T I O N  OF TO XI C M A T E R I A L S
L D50 (oral a d m i n i s t r a t i o n )  V a l u e s T o x i c i t y  D e s i g n a t i o n
<5 m g / k g S u p e r  t o x i c
>5 to 50 m g / k g E x t r e m e l y  t o x i c
>50 to 500 m g / k g V e r y  t o x i c
> 5 0 0  to 5 , 0 0 0  m g / k g M o d e r a t e l y  t o x i c
> 5 , 0 0 0  to 1 5 , 0 0 0  m g / k g S l i g h t l y  t o x i c
> 1 5 , 0 0 0  m g / k g P r a c t i c a l l y  n o n t o x i c








Oral LD50 Up to and 
50 mg/kg
including From 50 thru 500 
mg/kg
From 500 thru 5>000 
mg/kg
>5,000 mg/kg
Inhalation LC50 Up to and 
.2 mg/1
including From .2 thru 2 mg/1 From 2 thru 20 mg/I >20 mg/1
Dermal LD50 Up to and 
200 mg/kg
including From 200 thru 
2,000
From 2,000 thru 
20,000
>20 , 000
Eye effects Corrosiveicorneal 
opacity not reversi­
ble within 7 d
Corneal opacity 
reversible within 
7 d; irritation 
persisting for 
7 d








Mild or slight irrita­
tion at 72 hr
Adapted from 40 CFR 162
D O T  C L A S S I F I C A T I O N  C R I T E R I A  FOR C L A S S  A A N D  B P O I S O N S
TABLE X I V- 17
O b s e r v â t  i on 
D o s e  S p e c i e s  P e r i o d
L D50 (o r a l )  m g / k g  5 0 W h i t e  rat 4 8 h r
L C 50 ( i n h a l a t i o n )  ^ g / 1  2 " 48 hr
L D50 ( d e r m a l )  m g / k g  200 R a b b i t  24 hr
A J .'i p t e a f r o m  4 9 CF R 1 7 3 . 3 4  3
424
TA BLE  X I V- 18
C L A S S I F I C A T I O N  P R O P O S E D  TO WHO, 1972
C l a s s  I
(a) O r a l  L D 5 0  (rat) < 2 0 0  m g / k g ;
OR
(b) F o r m u l a t i o n  c o n t a i n i n g  a n y  c o n c e n t r a t i o n  of an a c t i v e  i n g r e d i e n t  
w i t h  o r a l  L D50 (rat) < 2 5  m g / k g .
C l a s s  II
N ot in C l a s s  1(a) and 200 m g / k g  < o r a l  L D50 (rat) <̂ 2 ,000 m g / k g  
C l a s s  III
N o t  in C l a s s  1(a) and 2 0 0 0  m g / k g  <_ o r a l  L D 5 0  (rat) <_5 , 0 0 0 m g / k g  
C l a s s  IV
O r a l  L D50 (rat) > 5 0 0 0  m g / k g  but no a c t i v e  i n g r e d i e n t  w i t h  o r a l  
LD5 0  (rat) < 2 00 m g / k g
A d a p t e d from r e f e r e n c e  336
42 5
L D50 ( r a t ) 
m g / k g
Ext r a  me ly 
H a z a r d o u s
O r a l
S o l i d s  < 5
L i q u i d s  <20
D e r m a l
S o l i d s  <10
L i q u i d s  <40
A d a p t e d  f r o m  r e f e r e n c e  337
TABLE XIV-1?
Highly Moderately Slightly
H a z a r d o u s  H a z a r d o u s  H a z a r d o u s
5-5 0 5 0 - 5 0 0 > 500
2 0 - 2 0 0 200-2,000 >2,000
1 0 - 1 0 0
40-400
100-1 ,000 
4 0 0 - 4 , 0 0 0
>1,000
> 4 , 0 0 0
TABLE XIV-20
RUSSIAN CLASSIFICATION
I II III IV
xtrerneiy H i g h l y  M o d e r a t e l y  S l i g h t l y
T o xic T o xic T o x i c  T o xic
in^O ior^l) r.n/kg <15 1 5-1 50 <1 51 -1 ,50 0^' > 1 , 5 0 0
( inha; ,;t!on) rag/1 <.5 .5-5 < 5-5 0 > 5 0
! 0 .0 i der m a  ! ) .ny'kg <1 0 0 1 00-5 00 < 50 0-2 , 50 0 >2 , 5 3 0
A d a p t e d  f r o m  r e f e r e n c e  338
42 7
TABLE XIV-21











mg < 50 0-100 100-1,000 >1,000
L D 50 (rat) 
dermal 
mg/k g <100 0-500 500-2,000 2,000
Inhalat ion 
toxicity LC50 
for rat 4 hrs 
exposure
J
<200 mg/m . The 
concentration of 
saturation is higher 
or equal to the toxic 
one; provokes heavy 
acute po i son i ngs
<100 m g / m \  The con­
centration of saturation 
is higher than the 
threshold one; provokes 
po i son i ngs
}
1,000-5,000 mg/m .
The concentration of 
saturation causes 
slight effect and is 
about the threshold one




Elasterogen i c 
effect
Proved cancerogenic 
(sic) for people. 
Strong cancerogens 
(sic) for test animals
Slight cancerogenic (sic) 
for test animals. Effect 
in less than 20% of the 
animals with max. untoxic 
doses. Suspected 
carcerogen (sic)
No cancerogenic (sic) 
effect
No cancerogenic (sic) 
effect
Teratogen i c 
effect
Proved or suspected 
teratogenecity (sic) 
i n humans, repro­
ducible in exp. 
animals. Teratogenic 
activity at levels 
similar to that of 
human exposure
Strong teratogens: affect 
more than 50% of the off­
springs at doses not toxic 
to the mother. Po.litropic 
adverse effects. Active 
in several animal species
Proved teratogenecity 
(sic) for one species 
only, affects single or 
single organ or system, 
effective dose above 
1/10 LD50
Mo teratogenecity (sic)
Embryotox i c i ty Is not recorded in the 
assessment
Selective embryotoxicity. 
Manifests with doses not 
toxic for the mother
Moderate embryo­
tox i city. Manifests 




Adapted f r o m reference 337
vent line vent line
FIGURE XIV-1
S P R I N G - L O A D E D  RUBBER C O L L A R  AND VENT LINE FOR DRUM F I L L I N G
4 28
F eed spout *}' min dio
Flex duct
7
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F I G U R E  X I V - 2
E X A M P L E  OF L O C A L  E X H A U S T  S Y S T E M  FOR D R U M  A N D  B A R R E L  F I L L I N G
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F I G U R E  X I V - 3
E X A M P L E  OF L O C A L  E X H A U S T  S Y S T E M  FOR D R U M  A N D  B A R R E L  F I L L I N G
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